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POLYEIHER POLYURETRANE RUBBER .. s 

Chitict C. Price, Soolh Bcwl, lad., aaigiiaf to Uoivenitj' 
ol Noln Dnac, Notre Dwi, lod^ ■ ooMnkfit Instt' 
tstios 

No Dnnriat. ArpUcatioo Scotember 33, 19S3 in 
Scttal No. 311^ 

UCUnio, (Ca.2M— 77.5) 

Tbis inventioa relate* to nibbery reaction producu 
I of organic di-isocyanates and high molecular weight 
polyglycols which have unusual physical characteristics. 

I Rubbery reaction products of polyesten, such as the 

polyesters formed by reacting adipic acid and ethylene 
glycol to high molecular weight, are well-known and' ^ 
have excellent physical properties when properly pre- 
pared. All of the polyesters, however, are hydrolyzable 
in water and the greater the proportion of ester groups 
the greater is the susceptibility toward hydrolyzation. 
Since the nibbery polyester-polyisocyanale reaction prod* ^ 
ucu do not have the resistance to water that is desired, 
they tannot be employed in many applications for which 
they are otherwise fairly suited. 

The polyethers have considerably greater stability 
against hydrolysis than have the polyesten and for this 
reason attempts were made to form nibbery products 
from them. Attempts to utilize polyetbers such u the 
polyglycols for reaction with di-isocyanates, for exam* 
pie. polyethylene glycol including di* and tri-cthylene 
glycol, polypropylene glycol including di- sod tri-pro- 
pylene glycol and similar low molecular weight poly- 
glycols, yielded nylon-like products which could be cold 
f drawn into Sben and the like but which bad few if 

any rubbery properties. 

An object of this invention b to provide vulcanizable 
elastomeric polymerization products of polygiycols and 
organic di-imyanates having superior physical proper- 
ties, particularly high abrasion resistance, good flexibil- 
ity at low temperatures, and good modulus, tensile 
strength, and elragation charactcristica. 

Other objecu and advanuges will be apparent from 
the following description of my invention. 

I have found' that vulcanizable, rubbery polymeriza- 
tion products can be formed by reacting Ugh molecuiar 
weight polyglycols containing some alkylene oxide units 
having at least three carbon atonu with organic di-iso- 
cyanates or di<arboxylic acids. 

While it has heretofoK been considered desirable that 
I rubbery materials be produced from polymer molecules 

I which are essentially linear, 1 have found when the mo- 

lecular weight b su&ieotly high, linear molecular struc- 
ture b uimecessary. Although' it b preferred to Lave an 
entirety linear glycol for reaction with the di-isocyanatc 
cc di-carboxylic acid, it bu until recently been diiScult 
to obtain sufficiently high molecular weight linear poly- qq 
glycob and 1 have found the deficiency in a molecular 
length of linear polyglyccb may be balanced by increas- 
ing the molecular wei^t of the polyglyco) by a brant^ 
ing operation in which a very small amount of a tri- 
or teiiabydric alcohol b incorporated in the glycol form- 
ing matenals. When a small amouut, 5 percent or less 
and preferably around .01 to 1 mol. percent, of an alco- 
hol having more than 2 primary hydroxyl groups such, 
for example, as pentaerytbritol u incorporated with pro- 
pylene oxide or with a polypropylene oxide of cefflpara- jq 
lively high mffiecular weight, one obtains essentially a 
. idy^ having a molecular weight several times as high 


2 

as the linear glysol obtained v.'ith the propylene oxide 
but with some branching in the chain thereof. Such a 
glycol surprisingly yields, when treated with di<a[boxylic 
acids and di-isccyanates of a suiuble type, rubbery re- 
action products having exceptionally tl^ratde chiurae- 
tcristlcs. 

For corresponding structure the polyurelhan b Aora 
resinous than the' polyester. Therefore when a tU-bo- 
cyanate is used ai a edrresponding agent for the poly-' 
glycol the molecular weight in the polyglycol must be 
somewhat higher or the amount of branching in the poly- 
glycol must be lets than when n polycarboxylic acid or 
its ester is used as a condensing agent. 

At before mentioned, both the molecular weight of Ibt 
glycols and the amount of branching makes considerable 
difference in the character of the products obtained. la 
the case of the linear polyglycols molecular weights as 
low as 600 are found to yield good rubbery products 
when suitably treated with a given di-isocyanale. When 
the glycol has sulMtantial percentage of pentaerythritol, 
trimethylcl propane or aliphatic alcohol having three to 
six primary hydroxyl groups added to the condensing 
materials, the molecular weighi of the polyglycol required 
for formetion of good plastic rubbery pr^ucts b^ome 
progressively higher as the amount of pentaerythritol or 
other such aliphatic polyhydric alcohol b increased al- 
though rubbery material was obtained with a molecular 
weight as low as 600. Only a 'vciy small amount of 
polyhydric alcohol having three to six primary hydroxyl 
groups seed be picscui la Uie glycol in order to greatly 
increase the molecular weight of the product. If the 
essential linearity required for the formation of a nib- 
bery reaction product it to be maintained, the percentage 
of polyhydric alcohol with three to six hydroxyls (pref- 
erably ' primary) in all cases should be less than 10 
mol. percent of trimethylol propane or equivalent con- 
sidering the number of hydroxyls in the molecide. It 
preferably should not exceed 1 or 2 mol. percent of 
the units obtained from the dibydric alcohol or alkylene 
oxide. 

As one increases the amount of polyhydric alct^iol 
having three or four or more primary hy^oxyl groups 
therein, the rcKtion product* become flm less plastic, 
although still rubbery, and then as the proportlou of the 
polyhydric alcohol b further increased the reaction prod- i 

ucts become resinous. Furthermore, the amount of 
hardening is in direct ratio to the amount of primary ! 

hydroxyls in the aliphatic alcohol. The amounts of sn | 

alcohol with four hydroxyls needed to obtain a given I 

hardness is srosller ffian the amount of tri-hydroxyl al- j 

cohol needed to obtain the same hardness. A mde of ' 
pentaerythritol b equivalent to approximately IVk mtda . 
of trimethylol propane in tbit respect If the reaction ! 

product is to be used in making sponge which b cured 
as it is formed to entrap the carbon dioxide released in 
the reaction, the amount of an alcohol such as pentaerytb- | 

ritol present in the polymer may be increased up to 1 

as high as 10 mol. percent of the alkylene oxide units 
to provide a cured or cross-linked structure. A amaU 
amount of water and excess isocyanate b added for the 
purpose of effecting the desired reaction in the formation 
of sponge. Otherwise, percentages of pentaerythritol 
below 5 percent are preferred. 

In accordance with the present invention, I have alio 
feund that polymeric materials built with, alkylene oxide - 
units having at least three carbon atoms, such as propylene 
oxide units, are far superior to those built with eUiyleoe 
oxide units because the resultant rubbery product has im- 
proved water resistance and less tendency to crystallize. 

Propylene oxide units or other alkylene uitits having at ■ 
least three carbon atoms incorporated in a polymer of_ 
sufficiently high nulecular wei^t arc requited to give' 


341a 


2,808,774 


the product of thfe present invention. It is not essCDii;il, 
however, that the entire alltyicsc oxide chains of the glycoi 
be made up of alkylene oxide units, bavins at least iltree 
carbon atoms for it is found that the presence of lelatively 
small proportions of propylene or hish carbon atoms oxide 
units bre.tk xp the resuiarity of the structure sufficiently 
to lubVery products. The water resistance is, how- 
ever, decreased as the amount of the propylene or higher 
alkylene oxide is decrcattd. As little at IS or 20 percent 
of propylene oxide and/or higher alkylene oxide such 
as butylene oxide uniu or the like gives rubbery products 
ot increased water resistance and Test crystallinity when 
suitably reacted with di-isocyanates. 

The poiyglycols contemplated by this invention it^ude 


• died. This difficulty is reduced by using isocyanates such 
as toluene diiscryarate with groups of different reactivity. 
Di-isocyanate dimers r.^ay also be used in place of the di- 
isocyanate to slow down the reaction rate. ^ 

5 The following examples further illustrate my.invenowi. 

EXAMPIX 1 

100 pans of Ucon fluid 75-H-1400 (a polyglycol co- 
polymer of 75 parts of ethylene oxide tutd 25 parts of 
It) propylene oxide having two terminal hydroxy! groups, 
a molecular weight of 2000, and being sold_ by the 
Carbide and Carbon Chemicals Division of Union Car- 
• bide and Carbon Corporation of New York, New York) 
was heated with 20 parts of TDI (2,4-toluene di-isoey- 


polypropylene glycols, polybutylene glycols, other poly- 15 anate) at 150 C. for ten mmuttM. It was theii riloi^ 
alkylene glycols formed from alkylene glycols having three lo cool to about 60 C. at whtch time the viscosity of the 

or more carbon atoms and mixed polyglycols having at mixture was about the saitie as h^y. , , 

least 20 percent (preferably more) of propylene oidde The mixture was placed in a Day mix» (a poimra 

uniU of 3 or more carbon atoms which poly^ycols arc double blad^ kneader) and 6 p^ of wa^ 

characterized by being linear and by having a molecular 20 Upon the addition of water, carbon ^ 

weight of at least 600, as well as the condensation producu and the viscosity of the mix i^reased until a rw 

of peniaerythritol and poiyglycols preferably having len bety material was ^®*™*‘*- This was removed frora^ 
than 5 peFceni 'penuerythrilol and a molecular weight of mixer and plac^ on a rubjfcr null. 42 paM of ciUwi 

ai least 1000 and preferably at lea^ 1500. Polypropylene black, 2 P*rt» of paraformaldehyde and I part of Mii^ 

and mixed propylene and ethylene glycols of 1000 molec- 23 acid were milled in and the rubber stock wasplaw mg 
ular weight have recently become available cmmercial* 
ly and the higher polyalkylene glycols of sufflcienily high 
molecular weight may be made by condensing the alkylene 
oxide with pentuerythritol as already dmrtM. ■ 

While the high molecular weight polyalkylene^ glycob >0 
formed from copolymerization of ethylene oxide and 
propylene oxide and the like to give a mixed high molee- 
ular weight polyethylene-polypropylene glycol or high 
molecular weight polypropylene glycols are preferred for 


mold and cured for 30 minutes at 3 10* F. The resulting 
sheet was well cured and had excellent propertied. Ten- 
sile strengths in exceu of 2800 p. s. t. were obtained. 

EXAMPLE 2 

Peniaerythritol was reacted with sodium to fim tba 
corresponding sodium alcoholate. Propylene oxida and 
the peniaerythritol were combined in a mcl. ratio of 100 
mots of propylene oxide to 1 mol. of pentaerythritol al-. 
coholate. On heating at about 75* C, a dark brown. 


reaction, the high molecular weight polyethylene glycols !>5 sticky, gummy polymer formed in approximately 20 mio- 


and polypropylene glycols can be mixed together and the 
resultant polyglycol mixture employed. In any case, the 
polymer for reaction with the di-isocyanatc should prefer- 
ably have a molecular weight of over 1000 especially when 
the amount of branching is substantial. 

The organic di-isocyanates suitable for use with this 
invention include m- and p-phenylene di-isocyanate; tolu- 
ene di-isocyanate; p,p'-diphenyl di-isocyana'le and substi- 
tution products thereof :iuch as p,p'-diphenyl-33'-dimethyl 
(or -dimethoxy) di-isocyanate; 1,5-naphthylene di4io- 
cyanate; 4,4-diplicnylmeihaDe di-isocyanaie; and tetra-, 
penta-, hexa-, hepta- and octamethylenc-oV-^-isocyanata. 
Both ardmatic and aliphatic di-isocyanatet can be used. 
The aliphatic di-isocyanates, however, are mete toxic and 
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utes. 100 grams pf polymer were then reacted iMth 13 
grains of diethyl phtbalate at around 140* C. to ^ve ea 
elastomeric polymer. 

EXAMPLES 

1 mol. of propylene oxide (70 cc.), .03 md. od 
pentaerythritol (6.8 grams) and about 1.5 gram ot lodium 
were placed in a pressure reactor at 142 to 150* C. Thii 
formed a viscous brown polymer. 100 grams of poly^ ' 
45 mer were dissolved in sJpha-chlcro naphthalene and IS 
grams of TDI were added to the polymer. At the cad 
of about 15 minutes a dark brown elastomer was formed. 
EXAMPLE 4 

1 mol. of Ucon 74-H-I400 was condenKd 84 

for this reason are not preferred. Mixtures of diiio- ®® mol. of MDI (p,p' diphenyl methane di-isocyamta) for, 
cyanates and tri-isocyanates mi^ also be used but the approximately 5 minutes and wm condensed with .65 ^ 

amount of ^-isocyanate, such at p,p' 4 )"-triphenylmethBne of TDI in the presence of V4 mol. of tn-et^araine. 

tri-isocyanate used should be limit^ to prevent excessive. This formed a viscous honey-like materlu. This wm 

cross-linking and formation of hard, resinous polymeit. finally reacted with J6 mol of water to form rutmuf 

The more Afunctional isocyanate present the lest u the ^ polymer. 

The polymer wm compounded m follows: 

Otama 

Fblyraer 230 

Carbon black — ... — _ 125 

Paraffin — — — 5 

Salicylic acid ..1 — 2 

Parafoimaldehyde 1 

This compound wm cured for 45 minutes at 260* F. 
The following properties were obtained, m compared wifii 
ParaerQ 18-80 (a butadiene-acrylonitrile rubber maan- 
factured by the U. S. Rubber Company). 

Tabu t 




65 


plasticity in the final product. In this respect (he tri- 
functioiA isocyanates are similar in effect to the proper- 
lion of pentaerythritol In the polymer. Organic iiothio- 
cyanatet, such m pj>'-pbenykne di-iiothiocyanate may 
also be used. 

In place of an organic di-isocyanate, I ron use any 
ester forming dicarboxylic acid, or its a^yd^de or ester 
such M sebaclc acid, phthanc or glutaric anhydride, cdiple 
acid, diethyl malonate, diethyl phtbalate, terephlbalic acid, 
oxo^bntyric acid or the like. 

Since the reaction between a polyglyco) and di-car- 
boxylic acid is not m fast as the reaction between a poly- 
^yod and organic di-isocyanate, the poIygIyc«)lt and fito 
di-earboxylic acid should be reacted at elevated tempera- 
ture to eliminate any water evolved in the reaction and <0 
Aerefore drive dw reaction nearer completion. 

At least part of the reaction between the polyglycol and 
the di-isocyanate occurs rapidly at room teqiperatura. 
When both isocyanate groups ere of equal reactivity set 
up In the polymer it likely to occur before it can be ban- 7S 
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Table / — Continued 

VOLVUS 1KCBSA8E AT' ROOM TEMPBRATORB FOR 
«• HOURS (PERCENT} 



EXAMPLES 


100 grams .of Pluroaic L62 (a mixed polyethylene- ^ 
polypropylene glycol polymer with tenninal hydroxyl 
groups, having molecular weight of 2000 , and being 
manufactured by the Wyandotte Chemical Corporation 
of Wyandotte, Michigan) were mixed with 18 partt of 
TDI at 180* C for a few minutes and the resulting prod- 30 
uct was reacted with water to give a superior elastomeric 
polymer similar to those of tM preceding examples. 

The polyilycols are believed to be made up of hi^ 
molecular weij^t polymers made up of propylene, ethyl- 
ene, or other alkylene units attached to one another 35 
through an ether linkage and are prided with terminal 
hydroxyl groups.. The polymen built up from propylene 
oxide unitt or other alkylene oxide unhs arc somewhat 
similar to the polyglycob except that they are built from 
chain starters such as pentaerythrilol or trimctbylol jpro- 40 
pane. These polymen are also believed to contain termi- 
nal bydrmtyl groups. 

The polyglycols and di-isoeywtes are combined os 
approximately an equimolar basis. Generally from 5 to 
25 and preferably from 10 to 20 parts of di-isocyanate 48 
are used for each 100 parts of pcdyglycol. Wbra the 
elastomer it too toft and gummy, additional di-isocyanate 
is added and when it is too bard and resinous, leu iso- 
cyanate should be added. The polyglycol should prefer- 
ably be heated prior to the reaction at least until it it 60 
in liquid forae. 

It it to be understood that in accordance nrith the pro- 
visions of the patent statutes, variatioot and modito- 
tk>r 2 of the iiwentioe deacrilKd herein may be trukde 
s 4 thout departing from the scope of the inventioo. 88 

Having thus described my invention, what I claim it: 

1 . A proccu of forming a polyurethane reaction prod- 
uct comprising the steps of tnixing in a liquid form 

(1) a hydroxy terminated polyether glycol polymer hav- 
ing a nudecular weight of at least ^ which is a con- 80 
denution product M an alkylene oxide having from 

2 to 4 carbon atoms and about .01 to lO moL percent 
based on tlte alkylene oxide of a polybydric alcohol 
having leu than 7 carbon atonu and having 3 to 6 
primary hydroxyl groups, at least 20 percent of said <is 
alkylene <nide having more than 2 carbon atoms, and 

( 2 ) at ledst about an eqviK'l molar amount of an organic 
dibocyanate based on sait4 polyetber glycol, and reacting 
ibe mixture until a secoMl ^ymer baviitg a chain length 
substantially greater than that of said polyether glycol 70 
polymer is foroed. 

2. The proceu of claim 1 in which the reacunts ars 

heated from 100 up to 200 * C and wherein the said 
polyhydrk aleobol is about I to 3 ntMl percent of the said 
alkylene oxide. 76 
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3 . A process of forming a polyurethane reaction pr^ 
uct comprising the steps of mixing (1) a condensation 
product of propylene oxide and about .01 to lO mol per- 
cent based on the propylene oxide of an aliphatic foly- 
hydric alcohol of leu than 7 carbon atoms and having 
from 3 to 6 hydroxyl groups, said condensation product 
having a molecular weight of at least 600 and (2) at 
least about one molt per mol of condensation product 
of an organic diisocyanate, and reacting the mixture until 
• second polymer having a chain length substantially 
greater than that of said condensation product it formed. 

4. A proceu ,of preparing a polyurethane reaction prod- 
uct comprising the steps of mixing (1) a liquid hydroxyl 
terminated polyether glycol polymer having a molecular 
weight of at least 600 which is a condensation product 
of an alkylene oxide of 2 to 4 carbon atoms induriva^ 
at least 20 percent of said alkylene oxide having mon 
than 2 carbon atoms and about .01 to 10 mol pcrccot 
based on the alkylene oxide of an aliphatic polybydrie 
aicobol of leu than 7 carbon atoms and having 3 to 8 
hydroxyl groups and (2) at least an equal molar amount 
based on uid condensatidn product cf an organic pdy- 
isocyanale having 2 to 3 functional isocyanate groups, 
and reacting the mixture to form a reaction product hav-' 
ing a chain length substantially greater than that of said 
polyether glycol polymer.., 

5. A proceu of preparing a polyurethane reaction prod- 
uct comprising the steps of mixing (1) a liquid hyttoxyl 
lerminhted condensation product of an alkylene oxi^ 
having 2 to 4 carbon atoms of which at least 15 percent is 

. propylene oxide and abbut ill to 5 mol percent basnl on 
the alkylene oxide of an aliphatic polyhydrk alcobd oC 
leu than 7 carbon atoms and having 3 to 8 hydroxyl 
groups, Mid condensation product having a molecular 
wei^t of at leut 600, ant (2^ an exceu of an organie 
polyisocyanate having- 2 to 3 functional isocycnate groups 
over that required for reaction with the hydroxyl terminid 
groups of the condensation product, and reacting the 
mixture untii'a second polymer having a chain length sub- 
stantially greater than that of x-jid condensation product 
is form^. 

6. A product msds according to proceu of claim 1. 

7. A product made according to proccu of claim 2. 

a. A product made according to proceu of claim 4. 

9. A product made according to proceu of claim 3. 

16 . A proceu tA forming a polyurethane reactitm prod- 
uct comprising the steps of mixing (I) a first polymer 
comprising a condensation product of about :00 parts 
by weight of propylene oxide and about .01 to 10 mol 
percent based on the propylene oxide of pentaerythritol, 
urid first polymer having a molecular weight of at least 
€ 00 , and ( 2 ) at least about an equal molar amount . 
based on tte amonnt of said coudenution product used 
of an organic dikocyanste, and I'eacting the mixture until 
a second poli'fflcr basing a chain length .substantially 
greater than tW of mid first polymer is formad, 

11. A proccu of fanning a polyurethane comprising 
the steps of mixing (1) a condenution product of 
propylene oxi^ 1 ^ about .01 to 10 mol perecent based 
on propylene oxide of trimethylol propane, uid coo- 
denation product hiving a SKdectilar weight of at least 
propylene oxi^ and about .01 to 10 mol percent based 
on the amount of said condensation product used of an 
organic diisodyanate, and reacting the mixture until a 
second polymer having a chain length substantially greater 
than tfaiu of uid condensation product Is formic 

12. A polyurethane reaction product of (1) about ooa 
mole of an organk diisocyanate and (2) about one mole 
of a condensation product of an alkylene oxide of 2 to 
4 carbon atoms of which at least 15 percent is propylene 
oxide, and about .01 to 10 mol percent bas^ on the 
alkylene oxide of an aliphatk polybydric alcohol of leu 
than 7 carbon atoms and having 3 to 4 hydroxyl groups, 
said condcDsation produd being hydroxy terminated and 
having a molecular weight of at least said polyuro- 
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thane reaction product having* chain length substantially 
greaier than that of said condensatioa product 
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flow Choniists Create a New Prodoct 

Dr. Charles C. Price, F.A.I.C. ' 

Blonchord Profciior of ChemUlry ond Choirmon of Ihe Diporlntcnt of 
Chtmlilry, Unlvcrslly of Penniylvonio, Philadelphia, Po. 

(Addrcii given when Ihc author received the Honor Scroll of the Philodetphio AlC 
Chapter, Feb, Jl, 196t, In Philadelphia, Po.) 

fJpHIS is the story of the creation and development of a basically new 
type of synthetic rubber, differing radically from natural and conven- 
tional synthetic rubbers in having oxygen .atoms built into the polymer 
chain sequence. In addition to the fundamental scientific concepts and the 
important ways this idea has affected my research activities, one practical 
embodiment is a superior foam rubber now being produced at a rate 
approaching 100,000,000 lbs. per year, scarcely three years after its com- 
mercial debut; another may become the basis for a new type of first-class 
tire rubber. 

In the Fall of 19-18, the National Academy of Science Quartermaster 
Advisory Committee on Elastomers was concerned with developing new 
approaches m the search for superior new rubbery materials sei-viccable at 
low temperatures and resistant to organic solvents. Wc thought that new 
approaches might result from leisurely discussion by a small group of 
chemists and physicists acquainted with pertinent kinetic and thermody- 
namic concepts, I agreed to organize such a meeting, which was held in 
Washington the Iasi vviree days of Jan. 19-19. The group included: Drs. 
John G. Aston, William O. Baker, C. S. Fuller, Peter J. Debye, F.A.I.C., 
Paul J. Flory, George E. Kimball, M. Mooney, R. H. Ewart, Kenneth 
S. Pitzer, F.A.I.C., ^V, B. Reynolds, Frederick D. ^ossini, F..A.I.C:. 
Ri Simha, F.A.I.C., L. A. Wood and F. T. Wall. 

From this fruitful discussion m.any specific recommendations were 
passed on to a larger meeting representing most of the elastomer research 
teams in universities, government, and industry. The basic concepts of a 
rubber structure were formulated as a three-dimensional, net-work struc- 
ture with long-chain, raiidoinly-coilcd segments of polymer between cross- 
links. For these chain segments to permit rubbery properties, the chains 
(nust be able to coil and uncoil readily from thermal energy available at 
.the ambient temperature of use. This requirement imposes the conditions 
that the units of the polymer chain must (I) have low intrachain barriers 
to rotation, (2) have low interchain V.tn dcr AVaal's forces (so that chains 
can readily slip past one another during stress and relaxation) and (3) 
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have s^l%icn^ disyuiinctry to prevent crystaUiV.atwn of chain segments at 
use temperatures! 

It struck me that a chain segment meeting these requirements was 
that derived from polymerization of propylene oxide, and this idea was 
incorporated in tin: recommendations of the conference. I'lie oxygen atom 
in the chain would contribute greatly to the flexibility, since the barrier to 
rotation at carbon-oxygen bonds (1200 cals./molc) was much less than 
that for, carbon-carbon bonds (2800 cals./molc in ethane), h-thers have 
relatively low "cohesive energy" densities between molcc\ilcs, so interchain 
"stickiness" would be expected to be low. Since even relatively low mole- 
cular weight poly (ethylene oxide) was a crystalline solid (m.p. rn. 65 ), 
while polymers of propylene oxide of molecular weight near 2000 were 
liquids at temperatures down to or below -50°C., the methyl group in the 
latter evidently conferred the necessary disymmetry to obstruct crystallinity. 
The extra methyl group would also be e.xpccted to confer greater resistance 
to dissolution or swelling by water. 

On returning to Notre Dame, a look at the literature revealed obstacles 
to preparation from poly (propylene oxide) of the kind of long segment 
network structure essential for rubbery propefties. Whereas Prof. Staud- 
ingcr had reported poly (ethylene oxide)- wjth a molecular weight of 
' 20,000', there were no reports of poly (propylene oxide) with a molecular 
weight over a few thousand, among many disclosures of polymerization 
conditions and catalysts. Elucidation of the reason for this remarkable 
difference between ethylene and propylene oxides were the basis for many 
years of research by my students, but the fact obstructed preparation of a 
rubber network by the conventional procedures of vulcanization, involving 
crosslinking relatively high-molecular weight linear polymer. 

Another approach of promise occurred to me. It involved preparing 
low-molecular weight poly (propylene ox.de) ’.vith two or more terminal 
hydroxyl groups and then using these reactive groups to build up the neces- 
sary' molecular weight and network structure. ^ 

Since "Vulcollan" had been announced by the Bayer Co., involving 
' the conversion of low molecular weight polyesters terminated by hydroxyl 
groups to rubber by reaction yvith polyfunctional isocyanates, a similar 
approach was considered for the initial effort with polyelher glycols. By 
varying the molecular weight of the polyglycol reactant, as well as the 
ratio of dlol to polyol component in the polyglycol, one can vary the 

distance between crosslinks at will. ‘ 

Ralph Ilcrhst, who had finished his thesis bn tlie kinetics of benzoyl 
•• ■ . i ! 
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peroxide decomposition with me in March 19-i9, was invited to begin 
work at Notre Dame on this approach, with some financial support kindly 
kuppHcd by General Tire & Rubber Co. as a supplement to my fellowship 
program with them. Almost his first experiments involved sodium-catalyacd 
polymerisation of propylene oxide containing 5 molc-% of pentacryihritol. *• 
Wheii'this viscous liquid was treated with toluene diisocyanate, it re.icted 
readily and c.xothcrmally to produce either hard, insoluble resins or rubbers. 

He showed that the poly (propylene oxide) glycol he h.id prepared had a 
molecular weight of about 650 and that he could also prepare rubbery 
products from it by reaction, not only with diisocyanates, but also through 
ester groups with succinic, maleic and several other dibasic acids. He also 
prepared a rubbery polyurethan from linear poly (propylene oxide) glycol. 

Various aspects of this were explored further at General Tire, espe- 
cially by Dr. Charles E. Greene. The concept and supporting experimental 
results were submitted as a patent application in 1953. Claims covering 
the linear glycol polyurethan and the branched .chain glycol polyester were 
disallowed, but the patent issued 30 Dec. 1958, with claims Covering 
_ products made from branched poly (propylene oxide) glycol with a minimum 
molecular weight of 600 and containing O.'l to 5% or 0.1 to 10% of a 
polyhydric alcohol such as glycerol or pentacrythritol.* 

Sometime before our patent issued, several companies developed ex- 
tremely tiseful and practical procedures for making an e.xccllent flexible 
polyurethan- foam by a "one-shot" process utilizing poly (propylene oxide) 
of approximately 2000 molecular weight prepared with 2-3% of glycerol. 

’ This process has been dramatically successful. Production in 1960 was esti- 
mated at 75,000,000 pounds with further expansion e.xpccted. 

• Two other important patent developments relevant to the deveiopment 
of poly(pr<Jpylenc oxide) polyurethan rubber, were: An American patent 
.issued Aug. 9, 1960, to Windemuth, Schnell & Bayer’, filed in Germany, 

10 May 1951, and assigned to Mobay and to Bayer. This patent claims 
products and processes of condensation of diisocyanates with poly(alkylenc | 
ethers) with at least two hydro.xyl groups per molecule and of molecular 
weight above 500. While the claims cover all poly(alkylenc oxides), the 
disclosure and examples mention only poly(cthylenc oxide). These German 
chemists were working in a laboratory which led the world in developing 
polyester polyurc.thans. In a patent filed over two years after our concep- 
tion and reduction to practice, they had clearly failed to recognize the 
significant advantages of the propylene oxide unit over the etliylene o.xide 
unit in decreasing water sensitivity and crystalliz.jtion. 
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Oh the basis of nn application filed by Saunders and Heiss a few weeks 
before ours, Mobay has been allowed to copy some of our claims (0.1-10% 
polyol) but not others (0.1-5% polyol) and an'intcrfcrcncc w.ns declared 
I on this basis some months after our -patent issued, 'l^his interference has 
^ so far obstructed enforcement of even the uncontested claims of our patent. 
The basis of the interference were several examples encompassing branched- 
chain poly (propylene oxide) stated to be a condensation product of 13,2 
« moles of propylene oxide with one mole of glycerol, which was then con- 
derrsed witli a diisocyanate. The issue has not yet been resolved by the 
^Board of Interferences. We feel that the Saunders and Heiss application 
lacks, either explicitly or inherently, the basis of meeting the 600 molecular 
weight limitation on the polyglycol of our claims. Our date of conception 
was 2 years earlier than that of Saunders and Heiss; our first preparation 
of polyurethan rubber was 4 years earlier, We believe there is justifiable 
vopliniism for a f.-ivorable ruling — a biased conjecture I 

Less controversial scientific facets of propylene oxide polymerization 
have received much attention in the past ten years: First was the initially 
frustrating refusal of propylene oxide to produce polymer of nearly as high 
molecular weight ns had been obtained with ethylene oxide. With hot 
sodium hydroxide, polymer with a molecular weight of 1000 or two was 
obt.ajncd. With acid catalysts the situatiop was worse — molecular weights 
were only a few huncTred. By accident, Leon St. Pierre, working with me, 
discovered that potassium hydroxide would catalyze the polymerization 
even at room ttfliipernture, to give polymer of 4000-6000 molecular weight.^ 
We were surprised to find that this liquid polymer, which we presumed 
to be a d’.ol, gave almost no change in viscosity on treatment with diisocy- 
anates. It was surprising to find that samples of liquid polymer made by 
hot alkali polpiierization and sold by a major poly (propylene oxide) 
producer as mnteri.'il terminated ar one end by hydroxyl and tht j’.hc. 1/ 
alkoxyl, thus presumably monofunctional, gave excellent rubber on treat- 
ment with diisocyanates! The answer to these riddles came from establish- 
ment of the Importance of a chain-transfer process involving attack on the 
methyl hydrogen of the monomer . . . This Incorporates allyl ether end 
groups at one end of polymer chains, as demonstrated unequivocally by 
St. Pierre*. 

The next puzzle was what happens to eliminate these groups in the 
. hot alkaline pointers? The key to this was the discovery by Dege, Harris 
and MacKeiizie^ indicating that, when polymer- prepared by sodium hy- 
droxide catalysis at 150® was isolated without hydrolyslsj r/r-propcnyl 
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ether groups were incorporated. We have now demonstrated that tin’s 
group arises from base-catalyzed rearrangement of allyl ethers to cii- 
propcnyl ethers. For e.'cample, in dimethyl sulfoxide as a solvent, even at 
room temperature, potassium r-butoxidc will rearrange phenji allyl ether 
^ in minutes to 99 + % yield of phenyl fw-propcnyl etlicr.^ The ready 
hydrplytic conversion of propenyl ethers to alcohols and propionaldchyde 
is established in the literature. 

Another facet of propylene oxide polymerization which piqued curiosity 
was the opportunity it offered to explore the long unanswered question 
of the effect of configuration of asymmetric centers along a polymer chain 
on the physical properties of the polymer. In contrast to vinyl polymers, 
the asymmetric center of poly (propylene oxide) is already present in the 
monomer. < 

Using such optically-active monomer,’-* Dr, Masch Osgan’ discovered 
that a new type of poly (propylene oxide) was formed, not a liquid as 
from ordinary DL-monomer, but a crystalline solid. This discovery, con- 
current with the discovery of crystalline polypropylene by Prof. Natta'°, 
gave strong support to his proposal that, his new crystalline polymer also 
differs from earlier forms in having -all the asymmetric atoms in the same 
configuration. In' his case the isotactic arrangement had been imposed by 
the stereospccificity of the catalyst used for polymerization. 

Whilc our work was in progress, Pruitt and Baggett*’ revealed that 
certain iron catalysts were capable of making two new fornls of poly (pro- 
pylene oxide), both differing from earlier products in having much greater 
molecular weight, and one being a crystalline polymer, m.p, 71®. This 
product we shawed tu have identical crysiiiliinc structure to our optically 
active polymer’*’, so the catalyst disclosed in this patent was, like Natta's, 
stereoselective. 

Dr. Osgan'*', based on our speculation about the mechanism of action 
of this catalyst, developed a whole family of Lewis acid type catalysts 
for the isotactic polymerization of propylene oxide and its analogs, 'i'hese 
leads were further expanded by the discoveries of Prof. Furukawa” in 
Kyoto, and Ed, Vandenberg'* at the Hercules Powder Co., of water- . 
activated zinc and aluminum alkyl catalysts. It is now easily and economic- 
ally possible to prepare homo- and co-polymers with molecular weights in 
excess of a million. Some years ago, Allen Noshay, working with me at 
Penn, showed that copolymerSi^with unsaturated epoxides could indeed 
be prepared and were readily cross-linkable to rubbery material which 

135 . 

• y 



. 

849a 


I 



1 !* 


APRIL 


THE CHEMIST 


19 ( 5 1 


was swollen but undissulved by organic solvents. Since this material has 
low cost and superior rubber qualities, this material may have a big future 
—and may even become the basis'for superior tires. 
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Charles C, Price -- Scientist With Ideals 

Dr. Ralph Connor 

vice Pretiden. in charge of Research and Chairman of Jhe Board of Directors, 

Rohm & Haas Co., West Washington Sq.. Philadelphia 5, Po. 

(Presented when Dr. Pried received Ihe Honor Scroll of the Philadelphia AlC Chopfer, 
Feb. i, 196), Philadelphia, Pa.t 

D r, CHARLES C. PRICE is an honest, sincere and modest person with 
high ideals to which he holds firmly. He has a great ability in many 
different types of activities .and he undertakes nothing in which he docs not 

attempt to excel. ^ 

The saying, "A prophet is not without honor save in his own country 
is not always true. This is indeed, the “Country” of the Prices. Dr. Price 
was born in New Jersey but his family came from Swarthmorc and Ply- 
mouth Meeting. Mrs. Price was raised in Lansdowne. Dr. and Mrs. Price, 
as their parents had done, graduated from Swarthmorc and after being 
away twenty years, returned. 

Dr. Price received the Ph.D. in 1936 from Harvard where he had 
worked with Prof. Ficser. He then spent 10 years at the University of 
Illinois, starting as research assistant to Dr. Roger Adams, and progressed 
through the faculty grades of instructor, assistant professor, associate pro- 
fessor, and professor. In 1946 he became head of the Chemistry Depart- 
inciit of Notre D.ime. He resigned 6 years l.^tcr to undertake some political 
activities, and was then reappointed. In September 1954 he became head 
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Certified copy file history of U. S. Patent No. 2,866,774, 
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I'M THF UNITFD STATlTS PATENT OFFICE ju. \l VJ‘.3^ 


A''pllonnt Chnrlea C, Price 

r.'Tlnl No. 3R1,999 

P’ I If; cl September P.3, 1953 

}.’or POLYr.LYCOL RUBPFR 


ivr.viu'.i 


nivislon ^50 


A M N D W E N T 


To the Commissioner of Patents: 

In response to the Office action of May 21, 1954, 
please amend the above-entitled aopllcetion as follows: 

I 

In the specification: 

|'ar;e 2,'^Iine 24, cancel''thr> comma after "dl-isocyanates” 
and insert — of a — ; same/lln^ Insert a comma after ’’type”, 

Ciaim l.^iinc 2, after "of" first occurrence, insert 

* [ 
line 3, /chnnri;e "alkNlene" to — polyal kylene-.- ; line .4, , 

n/'i,t r "and" insert ~-{P)--. 

REMARKS 

Until allowance of a generic claim, applicant elects 
to prc'.cc cute in this application the species of piroup 1 
fi 1 I soc^/anntfs Including, claim 2. Reconsideration of the 
re .lection of claim 1 on the Pinner reference is requested. The 
claim ha.'i been amended to point out that the p roduot clni.med 
1 !.! I.ho f'caction product of a polymer principally formed from \mlts 
of polynlkylenc oxides and havlnp; a molecular weight of at least 
fOO v/ith n diisocyanate or dicarboxylic acid. As pointed out 
In tlio s HOC I fi cation , a very definite result is obtained when 
nolynlkylene oxides havlnp, a molecular weipht preater than 600 
are reacted , than is obtained when low molecular welpht alkylene 
f'.vJdo.s are so reacted. As shown by Pinner reference, Pinner 
fht.'iined a Nylon-like material I’orlon U, This is a ho'rd resin. 
Anpilcnnt's moter.{.als are extremely rubbeiy and of varied types. 


851a 

'' 'if; 1 !ml t-.nll on of 600 molecular weight is not on idle one, and 
■ I t the lowest molecular weifj;ht Trom whichthe real benefits of ! 
t.:,e Invent! cm can be obtained Pr’om the matej.'*ial which Is 
reacted wi 1;h the i.3on;ynnato and which consists principally of i 
I'olyal kylene oxide residues.' The criterion that at least lb% of ! 

I 

t!ie units liovo more tlian 2 carbon atoms is also very important I 

I 

for the reason that the two carbon atom units nest closely \ 

t')p,ether v^horeas the three carbon atoms break up the symmetry ' 

niifi cause much more rubberyness. It is therefore seen that the ' 

i 

Pinner reference, which has no disclosure of the use of any high l 
molecular v/olf^ht polyp;lycol or polyalkylene oxide condensate, ■ 

has no relation bo the claims herein, 

(;in'm 1 has been amended to make it more apparent that 
the polymo# has a molecular weight of at least 600 before It 1 s 

reacted with the Isocyanate, ' 

i 

Hocons ideratl on is also requested of the rejection of | 
claims 1, 4 and 5 on the Prc-slow Patent 2,531,392. This material i 
is varnish type material entirely different from that of applicant. 
There is no disclosure in this patent of the reaction of any 
polymer composed principally of alkylene oxide units and having I 
a molecular weight anywhere nonrly the critical 600 molecular 
w'^'lght. The examiner ■ has apoarently failed to appreciate the 
criticality of the propylene oxide units or units having three or ' 
more carbon atoms per pair of oxygen atoms in the chain. Polymers' 
contalnlnr at least of propylene oxide or higher units are 
mucli more I'ubbery than are polymers of ethylene oxide even though ; 
blic alkylciT? oxide polymer without i'socyanate action has a ; 

molecular '(Vcight of at least 600. Applicant’s specification it 
la thoug.bl. clearly brings out the advantage of the alkylene oxide 

t 

having throe or more carbon atoms so that these claims clearly 
d I st 1 ic-.u'! t'h fi’om the Breslow reference in addition to spoclfying 
a molecular weight of at least 600 by specifying the critical 
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prcoortlon o.f propylene of Virr.her alkylene oxide units. 

Reconsideration of claims 1, 4 and 5 .as unpatentable 
over the IGF patent 8^12,107 Is also requested. While this 
patent states, as the examiner states, lines 58 to 46, that In 
place of the substances of relatively low molecular weif-ht one 
Is able to utilize the compositions of higher molecular weifht, 1 
for example those composed of blfunctlonal linear polymers such j 
as the polyethylene oxides or the poly 1, 4 butadiene oxides | 

hnvinr hydroxyl p, roups or amino proups at their two extremes, , 

anpl Leant has pointed out that t»ie molecular weight Is critical 
In that it must he at least 600 in order to produce the rubbery 
n aterial of the present invention. A higher molecular weight i 

tnon the substances previously mentioned need not be anywhere 
m.ar a moldculnr weight of 600, which la the minimum molecular 
vf.lrht called for by applicant’s cla.lms prior to the reaction 
vlth Isocyanate. It la therefore seen that the IGF reference , 

has no disclosure of the invention claimed herein. Poly- 
ur'O thanes mode by reacting Isocyanates with polymers of Insuffi- 
cient molecular we Ij'ht are hard resinous materials. Applicant’s 
products are hlphly resilient wcar-reslstant rubbers. 

It is submitted that applicant's claims dlstinpulsh 
from all of the references no matter how combined. While It 1,3 
l-nown that one has been able to produce rubbery materials from 
certain polyesters, It is submitted that the preparation of 
,-uhhc ry materials from polycthers and particularly branch chain , 
r.olyobhers which arc non-linear is entirely novel with applicant.; 

An Mllnwnnce of the application Is solicited, ; 

Respectfully submitted : 

FVANS ?c McCOY 
Attorneys 
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1 ' , i,li' Goiiuiil.adlonor of Pabonbu: 

Xn .pi.iiponno l,o tlm ofi’loo Aoblon of Kdlii’iiary 21, 19!,>6, 

I'li.oaau aiuuuci thu above criblfcX.£id applioa-tsloii a.o roX.lowa: 

« 

In tho olalmo: , 

✓ i/ ' 

Olaim 3, lino 1, deloto "An olnoboraorl o" and outioblbuho 
■ y 

n )n(i .l/liofopo "polyinon" Inoort; — polyi'.ljrcol--; lino 3,. 
■, 1 'Uot' innort --and havlnr, hydro.-cyl tormlnal i';rouiiB-=-; 

Mn.) X'V” aft;«n* "ncldn" Lnnorl; -J, ^Id reaction pi’oduot having a 

1 _ _ _/L 1 . 1 . 


Mn.) »''V” aft;«n* "ncldn" lnnorl; -J, jnii-d reaction pi’oduot having a 
dmln length aubobaubl.nlly lotnvir than that of onld poly, glycol 

i ,)3 ,Vt.u-p--. /' 

niaim 2"^^ lino deloto "An olna bomorlo" and ,'iuhnbltubo 

lino 2, 'delete "an allcylone polypilyool" and auboblbuto 

--polyalkylono Rlyool— ; lino iiT after "atoms" Insert --and 

tiavlUK hydroxyl terminal firoupo--; 

Claim 3 ,“^lino l^doloto "An olaa bomorlo" and mUiBbltuto 

-_A ; lino 2,“^dalotc "on allcylono polyfjlycol" aiid nubntlbubo 

— polyallcylono nlyool--; lino 4r'aftor "atoma" Inaerb --and 

h.nvinr, hydroxyl terminal f.roupa — ; 

Claim li.'^llno ‘l, doloto "an ala.stomorlo" and culiatltubo 

a--; lino 2,''Vfter^"a" ina 9 rt =-polyr,lyool-- ; lino 'J, after 

"alomn" iionirb --and havlnc hydroxyl terminal groups--; lino 7 

✓ 

and J, doloto "on olaatomov'lc" and substituto — a--j lino (3, 
.•.•'l.'i' " 00.1 ^^llor" Inaprt -/havini; a chain Icnnbh nub.Tbanblaily 
-.I'oatur than tltal^of aald polynlyool polymer--; 
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Claim 6, lino 1, doloto "on olastoinorio" and subabiiuto 
--a--; lino 2, dclote ’’in allcyleno polyclycol" and aubstituto 
--a polyallrylono r^lycol--; lino ^'^af tor "atoma" inaort --and 
bavin/;;: hydroj'.yl torminal f:roupa--; lino ai’ber ”di-i3ocyanat©" 
Inaort line 6, doleto "olastomoric"-- j 

Oancnl claim 7 and add tho rollowin/i now claims: 


o, A reaction product of a polyglycol polyirior Jiaving a 

•.’olccnlai’ W(!.l;:ht of at leant 600 opd an organic dicnrbo::.yllc 
aoiu, oaid polpiior being formed l^om. at least about 90 mol 
norcont of propylene oxide and cy polyhydric alcohol. 

A reaction product of a polyglycol polymer having a 
i.iolocular weight of at loaat 600 and ah organic dicdrboxylic 
.'.Hvi.d, atiid polymer being formod fx'om at loaat about 90 mol 
percent of an alkylene oxxdif having at least 3 carbon atoms and 
'.1 pol.'/hydric alcohol. 

10. A reaction prodjAct of a polyglycol polyitier having a 
uioieciilar weight of at least 600 and an organic di-iooc^/'anabe, 
eaid polymer being [’ox'’myd from at least about 90 mo], porcont of 
M.i ail. yl one o7:ido havii/g at loast 3 carbon atoms oiid a polyhydrlc . 
alcohol . 

11. A roac tioii/prodvict of a polyglycol polymer Itaving a 
'loleculai* v/cjlgiit of/bOO and being formed from propylono oxido 
.and a polybydric alcohol and a coupling agont n(!lucted from the 

; -oup consisting, 6f organic dicnrboxyllc and dl-lsocyanato. 


I 
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A prooosB oi’ proparlniV a roaotlon product; oomprLninn 
:,l,o ,)l;..pa of mixing Q liquid p^ycjlycol polyiaor linvlnr, a moloonlar 
u. l.r.lil: of ub ioaul; 600 uud I’onaod IToin ub loaab 90 mol 

pi.rounb of propylono oxido ond not f'raator than 10 mol pnrconl: | 

■ of a pOlyUydrlc alcohol, i^d a ooupllnr, apont ooloctod from tho ! 

".t'oup oonsinUini.; of orp.a^o di-inooyanatos and dicarbo:(,yllc oolda, 
tlioroaCtor allowinpTtlio mirctura to roact until a roaotl.on , ; 

product la fonnod havmfi a chain lonQth eubatontlally r.roafcor , 
than that of said po^p.lyool polymer. 1 


R E M A U 1C S ! 

Applicant la aubmi'btlnn with this cunondmonb an ' 

''Affidavit Under Rule I3I" in which he>ohowo conception and ro- ! 

fuction bo practiob of tho invontion in this country prior to 1 

Hay ll|, 19ill and tho rilinfi date of U. S. Patent 2,626,93iJ to 
t)./lroobo. Obhor’ roforonooD oitod in this application havinp, , ^ 

filln!' datoD labor than May Ih, 1951 uro U, S. Patent | 

No. 2,^92,07l|; (LanBoralc) , 2,702,797 (Ru(j",) and 2,7^6,219 (Itlll). ' 
in Bupport of tho olloEablona of tho affidavit, applicant is ^ 

oi'iim] ttlnf; r..'diihits A tjo D, ^ 

All of tho oxporimonts , work and proparatlonn nhown in | 

• hdilblts A-D were made prior bo May llj., 1951 and in aooordanoo 
vjU'.U applicant's Buc.gootlona and under applicant's dirocblono, 
R;dilbit A shows tho preparation of reaction products 
of (1) propylene oxide-pontaorythritol polyiriers uslnp; a molar 
i-i -io of <i;s.ldo to poritaorythritol of from 2051 to lOOrl and ■ 

(2) lui orc,i.inlo dlooi'boxylic acid ouch as dlobhyl phthalato or an 
orraviic d i.-l30oyanato such as to3.U0no-2,li.-dl-laooyanato, : 

tMcbl'yleno-bls-)| phonyl iaocyanato. 

Tho portion of Exhibit A dlroctqd to a polymer of | 

p.'opylcno o.,idu and puntaorythrltol roaobud with dlothyl phthalato 
is very similar to lixamplo 2 of this application. 


-at. ».h. } 
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• ■ I 

iixliiblt D ohowo the proparation oi‘ two propyl ono.oxldo- j 
fjoiitaorybhrltol polyniora by two dlfforont motjhoda which wore as i 

. . . i 

I'oilowo; ' 

I 

(1) • A prooBuro roactlon at 140-11>0°C. 1 

(2) A roactlon at room toinporatura, obo. j 

llio polyiaora, niado vmdor mothod (1) and (2) woro thon j 
roaotod in tho abaonoo ol’ a solvent with orfjonlo dl-laooyanatoa, ] 
']'ho dl-taooyanatoB used wore toluono ’-2,i|.» 

mt!bhylono-bl 3 -i|.- phonyl laooyandto and oo’ta-dooyl loocyonato. Tlie 
Inbtor portion of thd table in Exhibit B ohowa tho polyinor of 
nii^Uhod (1) roaotod with dlothyl phthalato and alpha ohloronaph- 
thalono in tho prosOTco of aolvonts, 

Exhibit C la a letter dlsoloslnc tho vulcanization of ' 
a polypropylono oxldo polyuior by oatorlfloatlon with a.dl-oar- 
boxylio acid suoh as succinic acid by heating tho polyjnor with ^ 
aucolnio anlvyiLrldo and* driving off the wator evolved until golllngj 
lo accompli shod. Also roforrod bo la oroaslinlcing of tho polymer 
with' a <il-lBooyanato, ! 

Exhibit U is a progroaa report showing tho preparation 
I of varlqus propylene oxldo-pontaorybhritol polymora with molo- 
oular violghba of over 600 and In a ratio of oxldo to polyhydrlo 
alcohol (pontaorythrltol). of about 200 to 1 to about 10 to 1. 
i'hoao polyalkylono glyoola wore subaequontly reacted with 
j anhydrldo compounds suoh ha auooinyl ohlorldo, auoclnyl anhydride 
; aiul maiolc anhydrldo. 

In rosponao to paragraph 4. of tho Office Action of 
. l-'obruary 2'i, 19i>6 applicant has dofinod tho tormlnal g, roups of | 
tho polyallcylonu glycol as hydroxyl, j 

■ * I 

Applicant wishoa to thonlc the Kxamlnoi* for Icihdly 
point In:; out; that tho proper torrainology for tho polymer should , 
ho "polyall;yleno glycol," Tho claims have boon so' amended, I 



» 1 - 
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TVie patent bo Boulton ot al sliowa the Toi’inatlon of 
■M'»n-volatilo ostor that la tiscsful as a plastlclisor for ce.I.lviloao 

■ h'jr '.’.limn. The ostorli'lcatlon of a poly(r.lycol with an organic 
a'-.lil, Hlilch could bo phthal\|-lc acid is disclosed. This poly;’;lyool 
l.-i rh’':''tly different than the reaction product of tho present 
invention. Aiiplicant’a reaction prodxict is .rorinod by a polymer- 
l:-,al.lon I'euetlon in wlilch tho chain loncth of tlio polyalliylono 
•'ycol polyiiiov is snbstantlally incroasod. Boulton ‘a poly/ilycol 

• dona iio I jiulu’. tontlally Incroaso tho chain lonf'th of tho 
:• .nn;i.t..'j.nt or. bor over the chain loiiRth of tho orlp;inal polyp, lycol. 

(Jlalni .1, I'or example has boon amended to include tho 
■'lilouln,';; l.imltation which clearly distlnpuislios lb from the 
i.julbon j’e,r(:rouce ; "said reaction product having a chain length 

■ 'bo ban Ulally longer thaJi that of said polyglyool polymer.” 

'I'iio hydroi.yl grouijo only are inodiflod in the Boulton 

.1 ibt'jib.- There .Is no Inoroaso In cha.ln length or polymorl/. Ing , i 
’ll' ‘ill iHil.v plyeol and the acid. In applicant's process, the 

• I >.*'. 1,11 i.c dlcarl'o.'vyJ.lc acild' is a coiipllng agent and the eVtaln 

’ .,v;bli .is oub.'itai'il;lully Increased which is greatly d.U'fc;ront ' 

lan )”croly i.i_storlf7/-lng one or two of the hydro.7?yl grnnps of tho 
■n< 'l?/"l;/'ool , 

‘.lb Is nobeil that tlxe p.atont to Livcnf.nod dJneJosen tho 
ii; e of polyorryollvylone glycols to form’ polymeric osboi's vdilch 

■ I 'f furs c oils id oral .ily in both starting materials and final products 
i' •ot" '.'to Itistimt , Invention. 

. i 

'''lu.'i oiiow eb al jiabont is dlrocbod 1;o blio pi’opax'abion 

>'f I'sI.ers of (■;! ) organ.le acids and (2) liydroxyl alkyl others of 
j)-;tylylcnc glycol. Again the starting matorlols ami products ^ 
s .'o g.rvnatly diffororit than those of tho Instsint Invention. 

Now claims, 3-12, have been added to more cloari.y 
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(Mjf'lno I'lio present;, invention. 

It is svibniitted that all claims- are now in condition 

.t’oi’ alD.ovjancc and- such allowance is solicj-tod, 

RespoctrxJlly suhqittod, 

McCOY, GREEIJE & TeGUOTENlIUIS 
. Attorneys 



C.l ovelai'id, • Ohio 
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AFFiuAViT Under rpij; i3i 


HECIIIVCI) 


Min ,1." iflDr; 


To the ConmlBalonor or Patents; 

' . ,«;0lN 60 

Charles C. price, being duly sworn, deposes and says 

‘ ' ■* 

ho Is, the Inventor In the shove entitled Application end that 
ho conoslved and reduced to practice the invention In this 
country prior to «ay 14 , 19,91. In support thereof affiant sub- 
mits TixhlbltS A to D . herewith. 

Exhibit A, of d page length, la a copy of a progress 
Report of pr. Charle'f.C. price and Ralph L. lierbst prepared by 
affiant and under affiant’s direction prior to Fay 14 , 1951* 

This report shows the preparation of propylene oxide - 
pontaerythrltoJL polymers with molar ranges of oxide to 
pcntaerythrltoi of about PU to 1 to about 100 to 1, The report 
further describes the reaction of these propylene oxide polymers 
with organic dllsooyanate compounds. Another part of the report 
la directed \to dlaelosure of the reaction products of a 
propylene oxide -pentierythrltoi polymer wltn a dloartaoxyllo acid, 

Exhlb.?,t B Is a one page report from Charles C. price 
and Kaiph U Hoipbst wl'th the subject heading "propylene Oxlde- 
rcntaarythrltol polymer". The report of Exhibit B was prepared 
by affiant and upder affiant’s direction prior to May 14 » 1951 
and shows the preparation of propylene oxldo polymers and their 
subsequent reaction with organic dllsooyanates and a dloarbexyllo 
acid. j 

Exhibit C consists of a two page letter to ' 

Mr. T. A. 'feOrotenhuls, 'affiant’s attorney, with the date removed., 
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This letter was written prior to May i4» 19!?1 "a-nd the experiments 
mentioned therein were conducted by mo or under my direction 
before way i4, 1951. Tho letter describes the preparation of 
reaction products of propylene oxide polymers with organic 
diisocyanntes and an organic dicarboxylic acid. 

Exhibit D consists of a progress Report entitled 
"propylene oxlde-Fentacrythritol Polymer'' prepared belore 
May 14, 19'?1 by affiant and under affiant’s direction. This 
exhibit shows preparation of reaction products of various 
propylene oxide polymers id.th anhydrides of organic dicarboxylic 

aeias. 

ALlthe documents, experiments, work and preparation 
shown in Exhibits A-D were made prior to May 14* 1951 in accord- 
ance with my suggestions and under my direction. 

Further affiant saith na\ight . 


State of Pennsylvania ) 

) SS 

County of Philadelphia ) 

Before me personally appeared Charles C. Price to me 
known to be the person described in the above affidavit, who 
S’ ^'nod the foregoing instrument in my presence, and made oath 
before me to the allegations set forth therein, on the .. 


a ay of 


, 195b 


wbtary publlcT 

Hitiiy Piiblie, Fhllidelphli, PhtUdelphli Co. 

Hy Commttslon Explns Mireh 25, 1951 


r 
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,;uV..^r.ct: Propylan- Oxide O ,2)-PefiUerythrltol Polyiaer 

Ffoin : C. Price anti Ralph L. Horbet 
Uni vorai ty of Hotro Dame 


r s IL'iVfi bftnn ji»Me usinK 

.,0 con.:«ni.raiod sulfuric acid ao cetalyet ue.lnfi * propylene 
oxide (l, 2 )-ierU,ioryLhritol molar ratio of 20 to 1 . 
,U). 3 .dinuas caUlyat .nioRa propylene, oxide (l. 2 )-ronUery- 
noli',!' .'-atid of KX) to 1 . 

T!..^ . .-aciio.. .-.J (a), (h) , and j ropylene oxide ( 1 , 2 ) polynare, 

ru.'.r c. ivolv u'th dii»oc>nn.*to compounda han been .t«dled. 

\n) '...ilfirlc ('‘Ciii Caialyat 

, r.> Ih. reaction ,.rop,l.I.. mM. 

.-OI'T*..-! to produc. ...oontUry .Icofcoi. 

j*<iar, ty, (.0 


CH i-X) -R 

J I o 

• li'l 


R=M3,Et, Propyl 


of 

't ul 

I ■’< 

I < 

• S I 

i. • '^UI 

•I Oi. 

• I 'I'l 1 


, , 1, and .ulturlc add .r. * 

»ivoh< l nl-hor dorlTallvon arc lVT».d. (2) 
,„a.iraH.- r..i a , do ■..wnadaB l.« tl» |a.lymr producd «)th 

.-.d a, llninr. ..... or.td. (l, 2 )-,a.nla.rnhrit«l Id 

. .1 Wl 1., i .«. a '.'..aa of aulfur). add (co..c,) ra.ultM 

f.' a .■'a.Ii atlckj guM (r) "h'od •“* •J-W'tl, aolablo 

.andorsti-lj a<iluliU In N TOlbri .aorfhoUiw, and liaioluWo In n 
...■g.blo ..'-uont- Td« r«*''-lon bota..n (r) dlaaolTad 1»,»- 
...... .»»aound. (3) produood hard, hrlttU 


.*9 . 
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UO Usin..; a Propylene, to id« (;L,2)-I‘entaor3rthritol Molar Uatiu of 

I \ t. w'*h .<5d'. >un as Cata.iyst. 

•t.on a polar »-atic> of 20 to 1 was used., the resulting polymor 

l..,...ioced hard, -brittle .■..xterials upon reaction with diisocyanatos (3)- probably 
•ruM tu a lar.ie .vnuunt of. cross-linking. The polymer formed us.ing a ratio of 
„..les Of..propy.lvue oxide ( 1 , 2 ) to 1 mole of pentaorythritol also ^vroduced 
l-.a-d, brittle ,olymer 3 upon reaction with di isocyanates (3). 15 } e_ 3 ^e_ react ioa 

. ia.tne prt::..:nce of .aiethyl phtlpilate prc.mce<l a rubbery material. , 

(c) The dMaction Ijetweon IVopyleno Oxide (1,2) .-'olyncirs and 

! j.'i-j- cy ,nat « Comfxnuids (3). 

:;inre hard, ortttle polymers wore still formed using a very 
, ,-S. , or vroiylo... o^i.le ao oo..r«rod to tho mount oT ,,«lt».r,- 

ril. 1 ,.., 00 , tho ro.ction hotwooi. rropylnht oxid. (1.2) poyUor ond dli.oojranat. 
( )• '.0 wia studied. 

„bout 0.5 g. „f o.OU.m «a. addod to 1,0 be. ot propyldn. oxid. 
U,2) „ .,1 in- ..ixturo ...ri.,,! . ' ■tlio r<,.',otlon mixture after 20 mlnul.. . 

. : and tin- nro.,, lid nolp.-r (a) ahich termed after one da, both 

hritlle- t,>l,t.or., „ron treat,.,-, t; .Ul, dU.oojnotitoe. The 

. , ,.1 U-.1.« (t) '.iaaoly... i. .n.'lhyl plithaUta produoed a hard, rubber, 

-11 attempt, t. diu.olvo thi., rubbery iuterSa] in organie eolTeut. 

... V f 1' i lod , 


■ ’ '’’.M . 1 -n rov O'anhVnnt ivviation Inst.) J. <!on. 

7u.’ ! l/i,103B-/*3 (19U)l ibid. l6,120f>~12 (1%6); 

1,’. •> . b ' ' 

(y) •lv.luon.-.;,/.--.liluocyru.ae, Muthylohe-bis-i.- phony! isocyanate. 
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Sub.ioct : I'ropyl»n« Oxid«-Paatk«ryMirltol Polynws^- '- • 
From: Charloa C. lYic* and Ralph L. Harbat 
Univerojtjr of Notre Daa« 
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received 




/I vi.icoun, brovtn ] olymer has boon f\ro pared by 

(1) a proas ro roactton at Il(.0-150° (N 85w) 
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(2) a reaction at room tcmpornturo for throe days folJLow*d 
by hontlng at UO-115 (N 90?!) 

In (1) and (2), 6,8 g, (C,05 nwlo) of pentaorythrltol, 70 cc* (l»0. mole) mt 
propylene ox3de-(l,2) and about 1,5 S» of sodium woro used. About 0.5 g. of 
iinr'f^cted f entaerythritol was rocoverod from (l); but none could bO obtalnod 
fri’r on aliquot portion of (2), 

iTo.llmi.'viry atudloa of the reactions of (1) and (2) with Tarioua iaoeymnatoa 
arr ounu-viri^ird V»elow: 


A- In .ibsence of Solvont 


jf'olymer 


I (^) 


hard* brown 
poiyraor 



I.DI 

OID 

hard, black 
poljTnor 

waxy Holld 

II 

atlcky bl. gum 

«X(!S. iffil 

rt 


B- In Presence of SolTonto 


anctono- hard, brown polymer 
‘Achl qronaphth- 

alon«~ - ruhboi^ tiatorial 
diethyl plith- 

alnto - - - » •' 


diothyl- 

phthalato* 


oticky 
black gun 


H’D - TcluT:i'5-2,4~dilfjocy?.nat» 

fsDI - Utfthylone-bljn--/v-phcnyll.aocyan.iti» 

CID - Octadocyl isocynnata 


7 


^ \ 
A . V 












JllnUifroiiu tiT^3Rnr»-^atn* 
^fottt JBnM, ^HbiMJOl 


Exlilbit C 


nr*t*tri» .if 


v.> 


lU'. 7. A.. T<DOi'otonhul« 

r!.r ^^5 k UoCoy 6^ 

B-illcltfy Building 

Cltt'-^rAni, 05130 y»’» 

IVf.'ki* 

I aun writing to outllrv* cur Idtiao oa th* 
o.r vulciued rubbM^y polj«^. from m.idiri€d polyrropylcm* cuild*. 

at a rubbor confcrcnc* in. Wanhlofjton Oiiat w^Ur, 

U.» cotnept tb^t th« polypropylnno eitids 

p^^port.ios part^^ly ^ * p'tol’M liquid bm rSy’dlfflrmli 

nor:r-aiy prwr-r^ by a condorsRtion ^ .uitabla for tb» 

to obtain it in a high onough Erjlocalar Tfoifiht 
r-or*Al typa of Yulc.anls;ivtion prouotarco. 

Our i/lca ha« b««n to praparo propylmo oxldo 
amo^. of a polytiyvirlo alcohol a. th. chain .Urt«S OdhS 
ponta.rythritol w. may illuotrat. a. follcrnoi 

C(CH2CI0|^ + JI» I8a f 6{CH20IH)|^ ■♦• ^2 

CHoaicn, 

\/ 

4 ^ 0 


i"«l. 


H ccnai 


n^Z- 


-C-CHjO (cBzOmU 


' »(cp'<=>a)o 


n, v^rrin* tM ratio ol foUhjrlri. oloohol^ 

l»^o b;.sn m^ V» md arc or-' - '^vt ylooouffl 

Yulooolrttv™ »T »• M 

rUO^’cVu'croiT:;, .-->,rr«c lo Tj.tr,.-, «, t«. «.U. 


J 


'i 


A:. 


. . 'f<sGrotev»}tiLio/#2 
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n :: .olijrig thio i« ooft e-nd ru'bbor7. Wh«n • dllnopyranat® wa# ' 

' ' •^D a crcaslJj'kw* tho mtorlAl fom»d a hard, brittle resin on hcaila^* 

iV« plan iwr* oxtonalv* exporimsnts on the natoro of crosoUnkaira 
? • ‘ .jui tablf.j, the Trurittion in properties with raolocalAr ete. 

{ \ 1 .Kto ij to inform' you of the general eoneept of tho work end to ro» 

• it, a patent search to iioo whether wo con got folrly brood potent oororece 
I. the ihoa. ■ ■ 

Bojt rov.vrdo 1 


:.cr:r-n 


Very tmily yooro, 
Charles C. Frloo 


"'I 

fl ■ 


r'JU . 

' I*' i i 
'' • . 
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- PentACii*5i 


fiECElVED 

AU6 15 1058 

! ■ 

DIVISION 6j) 




(1) A purified P.O,-P.E.T. jwlyinor of raoler ratio 200-to-l ma>a 
found to haT* a molocuilar «oi^t of as determined oryo- 
scoplcally. 

(2) I'.O.-P.E.T. polymere have boon "deionized" by paena/rro through 
nmborlito fixchange renims. 

( 3 ) Tlio roaction hotwoen P.O.-P.B.T. polymore and anhydride com- 
poiniclQ liaa. boon atudiod more quantitatively. Approximately 
3-Z, jwrts by wolght of P.O.-P.E.T. polymer react with one 
part by woig'nt of ajihydride co»ap<3\ind. 

(/>) Detail.'! of the propt^rAbion of aodiun»cataly*od r.O,-P.E.T. 

• polymoru of molur ratio of lOO^to— 1 and lO-to-l are given, 
an unidentified by-product, gaflooue at room tempnr»^ture,..wae 
found in each case, . , . 

(1) MalocuVtr 'i fei;dit Determimitlon of 200-to-l Pplynwr 

The cryoacoplc motliod doocribed by Shrlnor ("Quantitative Ck*g%nlf 
nilyele" , p. 6A) eaa on^loyod, ueinf; redistilled dicwane as solvent,. Ihe dat* 
are s inv.v^rJ zed boloe: (K s A. 7) 

.it. of sample (g.) • '.ft. of bolvent (g.) Mol* Wt. 


O.CM 

0.121 


20.660 


0.029 655 

0.037 626 

Av. &i0 


{ 2 ) P rgi>arat.ion of "Deloniaed" P.O.-P.E.T. Polygera 

About 1*0 g. of the P.O.-P.E.T. polymer (both lOO-to-1 and 10-to-l 
T*tir« . urified in this manner) was diaaolvod in 30 ee* of redlatiUed dioSMe. 

rhii K'l.utlnri was allowed to j)aaa dropsise through a column (1.5 on«* * • •■•) 
pic'.-J sitl! Amberilte IR-IOO-H at atnwspheric presaure in about 12 hovra* 

A a'Pitl portion of the diorann solution eas shaken eith diatilltd water) the 
(vq.O)ua layer was acidic to litmus, ^he solution was then passed through the 
r'^u-rn containing A.nharUte m-AB In the couree of about 8 hours. 

. ««.U portion of tho dlcorn. .olutlon -Ith ..t.r th. 
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oj*5r f.i • ] I t ij« nc^utriij. to liUius. The solution waa then sub.lectwS to 

di .tU i.ition tvrul that j>oi'tion dietilLin/j up to 45°/5 W’'* dif: carded. 

>i« ij.'il’ina \jaecS In the reactloaa with anhydride compouftdsi. 

^ ^ '>'^-^ t.lon hotiaeoi i P.O,--P.K.T. rolymgra end Ajuhyciritle Corftpomxln 

i..U!uititativ<3 studioe were nw,de of the reaction between r,0*-r.lE«T. 
Loljr:n Ji'u and (•.nljydrid'!} oukipounda. llie junounta of arihjrdride compouirln which 
K'Vt! ttie lioat rubbery ch.aract.«r Intioi ere recordod in the foUowinj, tablei 


['.0. P.E.T. roly. 

anhydride Compd. 

Uoectlon Time 



nri.M irx>-to-'l. 

nuccinyl chlor. 

:i25--130®; 24 hrs. 


■to.h'ilO g. 

4.2033 g. 

US-ISO^*; 48 

■ 

3.92 

. '0' ) .c>--l (*'doion.") 

iiuccinyl c.nliyd. 

325-130®! .U 

H 

. 

0.0137 g. 

0.1615 g. 

145-1500* 24 

N 

3.00 

nrude jC)-lf;-l 

auccinyl chlor. 

125 - 130 °} 12 

N 


k;.b;)oo g. 

1.0379 g. 

145 - 150 °} 24 

N 

2,72 

]()-to-l ("dninn.") 

maleic anhyd. 

125-130®} 12 

M 


/i.y«253 

1.4673 g.. 

145-150®} 24.'. 




niua about 3-^ pnrta by weight of P.O,-P,E.T. {x^Iywwir reacted with <m« part fe|r 
w li/dit of anhydride nliieh ia Intorj rotod aa rawaning there are apprcar.l»iT«t'rly 
(i. Oi yjrouf^e psr nvolo of P.O,~P.E;T. polymer, aeaundng an aTorege molecular w«lfM^ 
of 4Xl>OUt 6f;0, 

( ) Pr«pf>.rat.inn of r' » 0 .-P.E,T, P olymora of Molar Ratio lOO-to-l at.d lP~^e--!l 

The quantitloB of roactarita used to prepare these polynwsrs arc flTen 

bol'jv: 

oodlura («. ) P .0, (cc.) P.K,T, ( g.) 

70.0 


. lO' t o -1 
1 .< -tO-’l 


2,0 

0.5 


13.6 

1.4 


I < 
; 


■ l. j r^aotioni were carried out in a olcel jiro«a\tre bowte. They pregreveeri a« 

r.ij'ic.pj 


I 
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: .B.T. lO-to-l: Tialdj, 

' TLilOil 


0.0 
0.5 
O.M 
\ .0 

1.5 

3.5 

U, . 

27. 

•■tP,. 

V. }. 

ot>v< wook 


21 

99 

135 

IH 

152 

l/»3 

145 

U5 

147 

143 

ftnoa 


yreaa. 

rtmofl* 

110 

600 
1^20 ■ 

410 ' 
3f?0 
320 
315 
310 
310 
2-90 
3^ 


-dl.T. - 100-to-lt Tluld, 75^ 

0,0 

0. 5 
1.0 
1.3 
1.5 
3.0 

',.-0 ’ ■ • 

1. '.e 
}'>.0 

33. 

Id.. 

In both nina gasooiia froducta at ) 


1 -oom 

10 

95 

50 

UO 

lao 

U5 

235 

150 

200 

158 

leo 

3.60 

170 

3.60 

ISO 

1.63 

liMO 

U>0 

no 

160 

100 

160 

100 

room 

40 


tompeiratira war* form#. 


I 

r 


Ralph L, Harbat, Jr. 
Charles C. Prise 


.’■isiti'a Damo, Indiana 


h*mm 


] 
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D\V\S\0N 6' 

IN THE UNITED STATES PATENT OFFICE 


Applicant: Ul\arlca 0. Prlco 

Serial No. '361,999 ' 

Filed Septemboi"’ 23j- 19f;)3 

For POLYGLYGOL RUrJiliin 


) DIV 


HECEIVED 

AUG 20 iniifJ 

DIVISIOM 60 

Doc . 7003 } 


J . ijCT 




Hon. Commissioner of Pateiits 
Washington 25 , D. C. 


Sir ; 


NOTICE OF CHANGE OF FIRM NAME 


The undersigned, having beeh appointed attorneys 


in the above entitled application with full power of substi- 
tution and revocation to prosecute this application and to 
transmit all business in the Patent Office connected there- 
with, hereby notifies the Office that its firm name has been 
changed to McCoy, Greene & ToGrotenhuia, Registration No. 
12,176, a firm composed of Willia,m C. McCoy, Frank S. Greene, 
Tlieodore A. TeGrotenhuis and William C. McCoy, Jr., Bulkley 
Building, Cleveland 15, Ohio. 


EVANS & Me COY 



Cleveland, Ohio 
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n«*. ' 


s* «MLV 

«vii oi* MTf»rr« 


n 

DEPARTMENT Oi-COMMERCE 

UN ITCD STATES PATENT OFFtCB 
■ Washington 


MTW ni»(iT4ir» ilm» »/ fiUniit 
mU MMit »f »4* titfiirwnly 


r 


"I 


■ ’ f't V, Grcfivi <’• 'l'oni’ol;r<iil tila 

r'-'i -.I f>;; !’.UI>'. 

f. I.. . ,1 c, .1 3 ' , 01 3o 


PiPU No. 7 


J 


PUnna ftml liflinn a eommimicatton from the 
HX4hllNKIt ill I'/iarfffi tif thin applientioii^ 




^PpHcmntt * L 

Chnrlr'f 0. Pt^lcn 1 

3f'1.999 

MAILED 

MAY :.'1I I'l.l? 

. 0(V ■ -■ 

S*>pt, 23, 

For 

poiiYnivcoi, linpiiKJt 


CWnMntM<M««r sf 


V 


nosj'.iiiti 1 '-o t,i) .niiiiiiflnoiiV. JMlnd Aun\nl! l.T» 

1, Thn i',1 ni>r3 nre 1-^ ontl fl-12, 

2. Oli'lun 3.-2, l,|-6 and 30-12 ai’o rojocl/'id 

i-.l; proponly 'lorinlng 1' o a31i!;',od Invention \n! 

' ' [ 

(Al "mill n pol.'TT.or Jo ri'rmod" (nlnlioa and 6) Jo 
InicMtille (iJ noo onn of tho gtni't.lnp: nmtar.lnl.o nlvni'dy 

'I 

•' n.M.yn'on, (B) ■•’untluirmofo nl.l of tho 'olnlwo aro .Indof- 
1 uJ I l.n thnl. tho nntui’o {1..o, noleonlar wolpht) of the 
prc 'iict Js iiot: apt'nJfJod. Thus the olnlirs Ircludo tho 
nro 1 lot of cue it'OlooulQ of tj>e polynlkyleno ■•■lyool 
"ncl.i.-tl wltli ono molocnle of dliaooyanute. Such pnoi-lnotn 

}. 

I t H'li, Im dwal t'aJiln . (0) CImIis.o 10-12 oiti Indof- 

•i'!' in J’lal. tt o tuniilnal I'l-oupo of tho polytlyool 
'>• I'l' are not npoolfj.od, (D) Olelnfl 1, ||-f) and 10-12 

i. nilnl:,' hvoad Jn not ilvinp orH>nortlono of tJm nnJv- 

■ i 'O iyi'io’' I'li'l '1 ] 1 rnj fnnn l.ii , All propol’t.loi fi vi.J.1 1 
' 1|"0 Innci l.l O dn,'ili''.cl '•iTinlt. l>'Ut'th'‘ rjflOS’O '•’pnr1.!i" 

'• I" •'!) '• !< I M'lo f 1 1 1 Lt t Moon nimlJp.nnt Iritorid poi-tn by 
■ I, VO nri', ni'.ili!, cto? (E) "polyhycJrlo nloohcil" 

r . ■ P'S 10-J2) In unduly hroi'd. Tho worlclng oxamplon 
■ "'ty pontoorvt' ritol, Tho term Inoliidno the 
• i , J.ci-c ''tlvu' olycol I l.nolC, ITio term iilno roods " i 
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on p .J,v vinyl .nioohol on olhylono r.lyool which aro undia- 
-Lnri-'fi, (p) oiniT'iH 10 and 1? nro 1 ruin finiho in that tho'. 
total ivorti.'i- -(lOOp) o.f thn polyrlyool pol:s-TTior ia not 
-'■'0 0 i f ir-d. IP inypodionta othor than tbo alkylcno 
oTido /iiid tto ''Olyi'.yih'io nloohol Tr,ay bo included, they 
• p.o'ii.'i To f'- l. forth. (G) "for- f'd from” (clnirna li and 10-lR) 
i.n n .Jorinilo. How 3 a it ibrmad fi’otn? (II) "dlcarboxyllc 
•'o-d” too lM-on.d. It la .,ot ovidont that nil anida 

’ ■'•I ''oid would produco tin deal fed I'oault. 

» 

(I) ’oivoor.'i lolnia and 1?? ai’o unduly broad in not aottiny 
' '' dltior a of tlio f-o?n.tinri, i.o. I^o-novn hi o 

ole. (.T) "M ,.,:LprG oxide'* l.a unduly broad aince nr">lioant 
Inn dl nci o-'.'d only othylono nnd propylene. (b) clnltna 
' ’’’ 'j 32 pronont nn 3 upronor Mnrkunh rroup in 

tin (M ijnoy.-int. I.iva and dloarboxylic noida”, Tbo notTihorn 
■no no dirrhn 'lor in h-onctivity and type of maction tbnt 
’I I'ould he !•' impnant to aoooptod rr iiiolploa of nninntiric 
f' I an n I I loat ' c< ' ■ 1,o an .-ooialo thorn topbthor as a p'onnrin 
"rour,. t'tc Hurke, 193l| C. D. 5. 

3* klain's 1, ?, I|— 6 and 3.0—12 s.ro aca.l.n ro- 
.i ot'.d 'ia rii pn. ontahln ovov f.nnporak. Mil] or itupf na set 
3. pnor-'ranh 3 of tbo OtTico action of Fobruary 
.■ I, i )'/>. Tin "|•^’l.da^flt under kulo 131 has boon considnrod 
I- i-n uot I r" un to O' ( rci'uo ti'o • riyp'otion o.(' rucord, 

I'l vf'.ibl. t A dc'n.l a w th tbo roaotion of iiontaorythrltol 
"Otnrinrr 0^1. In nolymors aid al.n, propyiono oxido polyporn 
’■* ■■■ '••"'•’oyanatos. Tho i-orpor will not aid In 

nvobrii;. t)-o vu.iuot3on OH t !'0 roCoroncos sinoo the art 
in di..'oct-.-d sololy to the pnjyalkylono oxldo polyi-nrs 


•>< i 1 , 999 
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nnn o'li b^/ Mfix-i’ fnnctioi al alcohols. Tho latter is 

■ in i’io i.opt aiiK'.e no cor.dltions or proportiona of tho r'O- 
•icti'-i'p ;n '0 ahown. T^o spocific reaction la set forth. 

'mo : oli-oviJ.ar wolpiit o*’ tho rropyicno oxide poiVi'mi' la 
not a ovn. roficlotioy in caneoially irpnrtant since' 

it i irhod 1-; at "hard brittle polyxnors'’ wore ohta’fiod. 

Ao-. leant at na o 1, last line of tl’e specif Icn tlon con- 
I O' oiat. . only rpbhoi.-v' polyim rs. I'tirtliGiTnoro , applicant 
di'O'nr.'d no utility Prn- Li’o polyi ers. ' boroovor, it is 
not. at .j.!!. Gvld.ont thtit a d i.fiolo;mro solely of proijylone 
or.'cin pnlyiT'ors and cerbain 'of itr. roactioi. products vti th 
noi f'or' toX vrlll aunnort c.La'na to nn;y aticl all noly-. 

' '.Ar' n .'iXcol' n‘J a , partinuinrl ;; aiic.c tbo rernrenoo disolosos 
ol ‘o >f ci.os than tVo propylono oxide poly^itor apecioa. 

I'l'f. a I’f '.davi.t contains no ov.ldonGe of the penerio co?'6 ot 
ooT ’(^sn. ,j di t r in soniio to thp claims before tiie offoctivo 

.In i,> I;n,-, 1*n|\ Toncc. 

il , 0 Ini ms 1, t , b', n and. IZ arn aral.n rn- 

]>■'( 'T’ I npntn iitoble over DeGroote as sot forth in 

nnv-i an')!, '■ of lb.'' Office rvetion of Fobruary ??1, 190’('‘'. 

Auk 1 i.c'p' b • s ai"l’l '.tQVi l..a have boon cot.sidorod, and o.spooi.all.y 
''.X ili'it hut are not. .annu to ova.rot'\io the rerupenoos. 
'I'h'iPM . 1 .'. t o d IP'Clofmd. utility of tho poljannrs in tlio 
affi av'i. a. 

ih OJ..aJ,m.s 1., 1;, r>» 3.1 and 1? are nJ p.o po;joctod 
nn .inpn ' nn I. aV'lo Bouil.oi 0 .". soL forth In parary.aph h’ 

of t> i; Offi'-n •ict.ion'nf February 21, The pnlyhylric 

in I .’- '1 claims vrich recite it roads on I'm poly~ 

' i. c 'i M .'.e.lf . Applicant's claims do not doflnn over tho 
T'c '* 0 ••once oven if Pou.l tot dona mt furthor pol 7 rmori;r,e tbo 
'.'••tnv 'iii-oduond. ITowevor, slnco tin enrdi t.lous of Boulton'o 


1 

I 



I 



1." '9 -f|- 
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n.i‘o ni'l". dj rf’r^'nnl: than nupl 1 cant ’ s broad pi*ooess 
'• '■ t '.I un^ lu! niii'Utnod .that tho rofoi.’onco likowiao nrodnooa 
p i - oi-t.nr. 

h. (Jlalrf! 3> ^ '■'ncl 9 aro held to ho wll.hdj'awn 
f'rv ’ ?n :fc r- c' ' ' .a 'Ldo T'' 1, i (Ml 'indor |{'i1g li|,2 (b) ao not ropd- 
'h.l ! on t-]'o oil oo tod .anc-o 1 on . Cia.itiig 1, 2, i|,-6 and 10-12 
boon I’f) jool.od. Claim 7 has tieen cancelled. 



/ 




/ . 
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IN THiS UNITED STATES PATEIT 


, 7003 

J I . • • . t ' • •} 

, 1 . 

HVKiO’: 

ENT 'O^F'tCP; 


Atip] i cant. : 

No; 

T’ i 1 p ; 

!''nr; 


Chai’lca 0, Price 

381,999 

S c p t: ortib e r P3 , ]. Q 3 
POLYGLYCOT. RUBBi-lh" 




Diviajon' 60 

■ L 


AMENDMENT 

To Ll->c Comi.i las loner oP Patents; 

Tn ror.ponsc to tho Offico Action oi’ May PO, 19i>7, 

)3 :aoa aj-innd tho ahovo-Idontif led application, as ronows: 

In tlio 3p.oc;l Pi cation; 

Pnr.o 10, lino I 7 , cancel "trimothonal” and subo'-’tuto 
--;ri Gthylol--; 

Tn the claii.ia; 

Cnnool claims 1 to 6, inclusive and 8 to 1?, inclurlve 
' r. ■ p.'il.nr tho followinf' now claiuia: 

^ ^ prncof.s oP PormlnR a polyurethane reaction product 

P S. pr^slnp I h-vatopa of m^inpr Jn a liquid f'nrr. ptnp;-. l no ports 
hydroxy t^rminatod polyfaycol polymer hovtnp; n 


•pr I 0 


■/olplit oP at yleost 600 and beinc: nt leant 91>' pfircent 


-ppmp. ■nom units ps-i , / i-.pd •Vom nilrylcns’, o'ldpn. nt lon.nt P.0 ' < 

p«rcpr>l. op I'.'ilcl unity hnv;ln/<; iiioro than tr/o cru'bon ril.omn, Purthor | 
naM polyp^ly^ol polymer with o>i polyhydrlc alcohol havIn /3 | 

• I ’ in / carbon/atoms and havlnf' 3 to 6 prlinai*y hydroxyl p;ro\ipi , 
' old polyrjycol polymer .and said polyhydrlc alcohol ..Ith i 




to ri) paynta by woifd't oi’ nn oi’p.onlc d.l 1 nocytmat(>, and 


'* ’’ ‘ ‘ . *■'^■'0 mUxtiirn until a second polymer. havJnr, a chain lenr,th 

-.'i .-tnntiallyy'r'reator than' that of said polyf^lycol polymer is 

/ 


Th.- ofoconn oP claim :i(. In which tho roactantn arc i 


/ 


•/•'I . 10 ( up to Pv'tcr'C, 


1 , 


877a 


A. prococsi of forminf; a pol^yurothano react, .ion product 


coniTjrin.ln," the steps of mixlnR (ly about 100 parts by weJp.ht of 
a hyJro;<:y terminated polypropyl en/6 ether having a molecular 
weight of at least 600 with aboua ,01 to 10 mol percent based on 
tdio propylene glycol of an aliphatic polyhydric alcohol of less 
than 7 carbon atoms and havinfy from 3 to 6 hydroxyl groups and 
(2) about ^ to 25 parts by wo/ght of an organic di isocyanate , 
and I’eacting the mixture until a second polymer is formed , having 
residues of said polyhydric /alcohol in its molecular chain. 


' / / 
L/ 


l6. A proces.® of preparing a polyiirethano reaction product 

comnuislng tho steps of ml/xing (1) about 100 parts by weight of 
a 1.1 quid hydroxyl terminated nolyglycol polymor having a 
inolnculor v;olght of at least 600 and having a molecular chain 
comprising alkylene oxiae iinits, at least 90 percent of which is 
propyl nnr- oxide units, with no more than 10 mol percent based on 
thn poi yiv.'.r of an aliphatic polyhydric alcohol of less than 7 
r,a-*.on s I oma and having 3 to 6 hydroxyl groups, and (2) ronct.ing 
sni ' 'Oi'”;lycol polymor and said polyhydric alcohol with abotit 
1 il'J parts by weight of on organic di ioocyanato Viavin;' 2 l;o 
1 functiotuil isocy.snate groups to form a reaction product having 
.1 chain .length substantially greater than that of said polygl.yool 
■nolymor. / 


■ A process of preparing, a polyurethano reaction product 


comnrising the n/cps of mixing and reacting (1) shout 100 parts 

I 

by weight nf a l/lquld hydroxyl terminated polyallcyleno other 
glycni liaving a/molecular weight of at lose I, 900 and havin.g at 


.least no -iiol percent of its molecular chain mnfhi r,x’ 'ilcylnno 


o:<ide units h 


Jiving 


10 mol pepco 


’conji of 


; at least A carbon atom, a. (2) fibt.ut .01 to . 

the glycol of an aliphatic polyhydric alcohol 
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havin,"; 3 l-o 6. hydroxyl piroupf- oo tlmt said, polyhydric alcohol 
bocomos part- of hho main mol ooul ay chain of tho polyurnthono 
roaoblon product . and (3) 'about li to 23 parts by welRt'l' of an 
orp;onlc polyisooyanato having 2 /to 3 functional isocyanata 
/groups for reaction with the hydroxyl terminal groups of the 
glycol. / 


|; 18. A product made according to process of claim 13. 

I 19. A product made according to process of claim lU. 

: PO. A product made according to process of claim 16, 

'PI. A product mado according to process of claim 17. 

pp. A process of foiping a polyurethane reaction product 

coip'irlsing tho steps of mixing (1) about 100 parts by weight of 
I rdroxy terminated pol7/pro7vyiciio other having a molecular 
' of at least 600, vilth about .01 bo 10 mol percent based 

on i:bo propylene glycol pf pontaerythritol and (2) about .3 to 
23 parts by weight of ari organic diisocyanato, and reacting 
tho mixtt.ire until a seepnd polymer is formed. 

21. A process of / forming a polyurethane comprising the 

steps of- mixing (1) about 100 parts by weight of a hydroxy 

• terminated polyrvM'oyleno other having a molecular weight of at 

least 600, with ah'^uH ,01 to 10 mol percent based on the 

/ 

propylene r ! ycol ^ br Imethylol propane and (2) nhout 3 to 23 parts 
by W(\lgh! I’T an organic dlisocyanate, and roacting tho mixture 

• until ! --ocond pol7raier is formed. 

2lj. A polyurCthono reaction product of (1) about one mol© 

oL* an organic dl .1 s/ocyjmate nml (2) about ono mole of a .reaction 


. _8^a _ 

of ui hydroxy fcermincv'^d polyalkylono cthor r^lycol 

at least 600 and containin'^ 
at least 15 porcen' avo propylene 
10 mol percent based on the 
■>olyp..L)<yleno ethnr of an al.lphab.lc polyhydrlc alcohol 

oC less than 7 carbM atoms and having 3 to I4. hydroxyl p:ronps, 

REMARKS 

I 

'I'lio present invention is directed to a reaction ! 

iiro'inct of a polyo.l kylenc obhor (glycol which in orosnlinlcod by 
'' coLipllTip; ar.ont such an an organic dilsocynnatc nr dl carboxylic 
"clu. Tn the pack it has always been considered doslrablo to use 
nolyiiioi's v;.i bh relatively lonp., sxxbstantially linear molecular 
f'hainn In orler to make useful articles such as rubbnr /^oodSt 
1 owf'vor, in the pressent invention, polyother n:lycols with 
brai^ched molecular chains have been foxind useful, A novol, 
un'i'-'peebediy useful, hip,h mol ocular weight reaction product is 
'btf'lnnd I’r'.mv relabively short cha.ln polyglycols by modifying 
1:heri with orgo.nic diisocyanatos and a small amount of an 
.'iilTihatic polyhydroxyl material which provides the polyglycol 
vrith additional branching and some cros si inking. Instead of the 
branching; and crosslinking action causing the pi>o<-iucts to bo 
•'OiM' resinous and hard, tho products made with tho polyhyd,roxyl 
r f'. topl al ;;bowad improved abrasion resistance, tonsllo strength, 
and r.lexihility even at low temperature. Some of the uno.xpected 
ndvanbago!'. obta.Inod by using tho aliphatic polyhydrlc alcohol 
: v'fxy Imvo been duo bo soino crosallnklng supplied by tho 

poiyliydroxyl maborlal .instead of the usual urethane linkages, 
for r':amp;o, which are formed when tho diisocyanate is used as 
the croas:i, I nk.lng agent. 

'I'hc claims have been amended to specify the use of a 


Viav'ng a molecular vrclght of. 


M'lkylfuoo oxide ■ of v/ljilch 

oxirp 'inlt. , and about .f)l to 
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no] vbydr;!-". alcohol mntoriai. The roferencoa cl bed herein 
}'avo MO di ooloeuro or sup;r;oatlon that tho uae of n polyhydr lc 
.•'■|cni;oi nuch as p'onbaorythritol or trimothylol propann provides 
mac. b I. on • products with improvod pViyaical properbios. 

The polyVi/Z'dric alcohol hds beoen liniibed by the 
D.anru.'ipio "oC leas tVian 7 carbon atoms and havinp; from 3 to 6 
b:yrJrox;yl nroupa". The polyhydrlc alcohol, fa disclosed, f.’or 
':--:nmple, on pap;e. 2, lines 13 to 1$, where a branching operation 
' a de.ocrlbnd in vjlilch a small amoxint of .a trl- or totra-hydrlc 
.•'Icrihol la .Incorporated in tho p;lycol forming material. On papie 
h Hin polyhydric m.atorial la doacrlbod na a polyiiydrlc nloobol 
b.avlnf' 3 6 primary hyclro;': 7 ;l f^poups. Tho amount ol' polyhydrlc 

nlooiiol used In bhe proaonb invention is apocifled in t)io olnlma 
jis ,01. to 10 mol percent of tlio polyallcylone p;lycol. Tho mol 
percr-nbar,os are disclosed on pap;o 3 2 , 3 ®JTd I 4 . of the apoclflca- 
tlon. 

Claims 1 bo 6 ino.l ualvo and 8 to 12 incluaivo have 
boon canoollod and new clahna I 3 , to, 2l\. inclusive aubmittod bo 
''n.iri|-. out bhe invention more clearly, Tho new clnima rpoclfy 
;lu! nan of an aliphatic polyhydrlc alcohol. In cl.alm 22 the use 
('f V parl.li'.nlar aliphatic alcohol, namely, ponl’.aerythrlto]. Is 
.'•poo I fled. 

.Tpplicant » 3 attorney wishes to thank tho Examiner 
'or l.lie intorvlcvi p:rnnted on Oept. 25, 19.57* At that time, 

.'ippl I cant ' a attox'nnv Jndlcai-od that the present aiiplioab 1 on 
Moufl bo roalrictod to the uso of dllaocyanatoa aa tho couplinp; 
■inonb. Durlnp, the interview, it was indlc'atod that a roacblon 

d i Inocyanato and polyhydric alcohol mod 1 f 1 od-polyal Icylono 
tb.' • r ; ',1 yc 0.1 0 vra a n ow . 

Also dlnoussod durlnp, tho .inbervlow was tho aufTiriioatlon 
'hat tho l.lmitatlon "poly'-’b ' l.hano" placed before "reaction ' 
urodiict" would probably make bhe claims more definite. It was 


^la 

nlyo nurjTOEitod that:, tho prodiict claims bo drafted by specifying 
n "prodpot” made according to one of the process claims, 'thus, 
nei;3y submitted claims 17, iB^ 19, and 20 are claims of this 


tyo''. 


The corrunent was made during the interview that the' 
use oi‘ organic di isocyanates are preferred ovor tr ilsonyanates , 
However, as. discussed on page 6, lines 12 to 15, mixtures of 
oogenic briisocyanato and diisocyanatos may bo used. In view 
of tho above disclosure, claims 16 and 1? are submitted which 
specify tho use of an organic polyisocyanato with 2 to ,3 
('unc l-.ienal isocyanate groups. 

In response to pax’agraph 2, part (A), the language 
"iml/il a polyinoi* is fomod” has boon deleted and tho procoss 
top of reacting tho mixture until a second’ polymer is formed 
has been substituted for tho deleted phrase. 

In response to parts (B), (C) and (D) of paragraph 2 
of t,he Office Action, the claims have been amended to spoclf'y 
■; to P'j parts by v;eight of tho coupling agent based on 100 parts 
hj weight of polyglycol. Those aino-unts, as disclosed on pngo 10 
of tho specification, arc present throughout the claims e;ccept 
'’or the now claim 21+ which calls for about equal molar amounts 
(if t’lio pel yallcylono glycol and tho organic dl isocyanate. ' 1.110 
i'a"l!i ro,r this limitation on the amounts of starting mntor.lal Is 
■'ouu I nn page 10, lines 26-27. 

in rosponso to part (E) of paragraph 2, the polyhydrlc 
has boon described gonorically as a polyhydrlc alcohol 
of' loss tli'in 7 carbon atoms and having from 3 to 6 hydroxyl 
i-roop.", . It 1.3 submitted that this is not unduly broad and does 
not po.ad upon polyalkyl one other glycol, polyvinyl alcohol, or > 




i'th 7 /-le'ne glycol 
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In re;:pon.'io to part {F) of parafairaph 2 , the newly 
nnbir.i tt.0'1 cl.almn have llmitationo such as '’and having hydroxyl 
■ nd r.roin'-" or "liydcoxy tcmlnated” to, point out the end Piroups 
of rho p'.' I .Tt'lycol porymci’, ,, 

:i n rcr.ponao bo part ,(G), the lanKuaj^o "formed from" 
has boon 'loletod and tho polyrilycol polymer doscrlbod ns "having" 
!il’;ylone unibs of more than 2 carbon atoms". It is submit tod 
that the claims are now definite. 

In roaponso to part (H), claims to the dlcarboxylic 
acid have 'uoen dropped in contemplation of a divisional applica- 


tion. 


Tn response to part (I), it is submitted that the 


jd’oeoss claims are not too broad since the reaction claimed may 
take place at room tnraporaturo oven though it is p;enerally too 
, slov; to bo commercially feasible. Tho reaction ponorally is 
maintainod at 71 ^®C. to I^O^C. for 10 to 20 minutes or so, as 
illustratnii in the examples, j 

In rosponno to part (J) applicant has disclosed 
V-;t.vlono oxide, as on pa/7,0 and throuffhout tho spooif Ication 
indicates that alkyl ene oxides having a larger number of carbon 
nl.oms than 2 aro desirable for iise in tho present invention. 

.'•f:c5 i’or o.-aniplo page , whore it is stated "propylene oxide 
iin’I-.a, or other oxide units having at least 3 carbon atoms 
incorporabod in a polymer of • sufficiently high molecular weight 
pro required to give tho product of tho prosont invention". It 
1 cubiii I b bi'd tliat "alitylono oxido" is not too b'poad and in view 
of tin' above disci.oruiros , and roconaldorat ion oJ* the ro.locbion is 
i-equestod. 

' In response to part (K), the Markush group has been 
c'sncelio;!. Hathcr than to attempt a generic description of tho 





I 

I 

883a 

ooupllnp; nfTonb, the application has been restricted to 
nolyi socynnatos in accordance with the interview, 

Tn rnsponno to the third parap;raph of tbo Offico 
Action, the patent to Langeriik shows the preparation of an 
■'lactomeric condensation product from (l) polyalkylono ether 
'Uveols , ( 2 ) aryl one diispeyanates, and (3) water undor acid 
conditions and uslnp; tertiary orp.anic bases. There Is no dis- 
clorntre or aur ios t i on in L.nnfforak that tho polyhydric alcohol 
of 3 to 6 primary hydroxyl nroups can bo usod to obtain imfirovod 
••eaction products even vrtion relatively short chain polyalkylene 
■'•tVicr /diycoln arc used. 

Tho patent to Hill Is directed to an elastomorlc 
.'•.poiio;a material formed by (1) a reaction product of a polyalky- 
leno ethor /▼lycol and n diisocyanate with (2) from about 100 to 
tiOn parts by woij-'ht of water per 100 parts of reaction product, 
Thr! pal^r-nt to Hur,ri dlsc].o3oa a process for improvinR 
."coifoli Inr nropertios of olavctomors compi'islnp; polytntrnmothylono 
tiusr rlycol and 1;olunne di isoc 7 /'anate where chains aro extended 
' y I’oaction wi tli water. ITio patentoo toachos the millinf^ of the 
i'ol./mor at iiirh temperaturos to improve tho scorchin;'; propertlos 
the polyaer mixture. 

As noted in the patent to Lanoorak, tho Hill and Riir;:' 

rofcroticGs riavo no suppiostion of the present invention in which 

polyalkylene ethor p.lycols aro crosslinkod with a couplinip; apent 

.•■uch as an organic di isocyanate vjith a small amount of a 

t'ol:yhydric alcohol. As noted in paragraph tho Examiner also 

notes tiae iacl: of disclosure of a polyhydric alcohol pointlnr, 

nut tliat 111 1 reroronceo nro dirnebod soloiy to polyalicyl one 
* > ‘ 

.■>;.i !•’ nolyinors unmodified by small amounts of highly functional 
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!l In reaponae to paragraph li., the patent to DoBrooto 

tl 

.1 ahow.'i an xylona soluble reaction product having a molooular 

i| 

vM'lghl; or 1500 to IJJjOOO formed by ( 1 ) a polyoarboxyl. lo Bold 
1' end (.2) i'. high tnolal oxyprop.yleno derivative of glucose, A 
jj high molnl oxypropylono dox'ivatj.vo of' glucoao Is not the somo 
I an tho polynlUylono polymer as apooiflod In the ola.itno of 
'• nppljeant. It la notod that glucose dooo not have primary 

hyilroxyl groups as does pcnbaorythritol and trlinobhylol propone. 

Howov''!’, opplloant«s claims have boon omondod to spooify only 

I. 

I*, organic d I Isocyanates as tho orossllnklng agonb. Tho pal;onb to 
UoGrooto dooa not disclose or toach the use of a polyhydrlc 
|i .'iloohol which operates even in combltiatlon with relatively short 
chain polyalkylono glycol polymera to produce useful reaction 
I products. 

J 

In further rosponoo to paragraph h, applicant Is not 

I' 

fiwaro of a law requiring discloauro of utility In tho exhibits 

1 

, of Kuln 131 nfCldavita. It la oubmlttod that tho dlnoloswre of 
;! n rubbnry material In enough to fulfill any need for a dlaolosurp 
j In regard to tho Rule I3I afflilavlto; lb la nobod In 

!'.^-h 1 bI.t A, aocond page, linos 8 and 19 , the production of ruhbexTT 
instrirUil Is dlaoloaod. 

In Exhibit D, under tho coliunn heading "MDI" in part 
, "A" a ablcky black gum la shown. In part "B" of bho table, 
tliQ proparatlon of a sticky black gum la shown under tho column 
heading "MDI", A rubbery material la also shown under tho 
coitiran heading "IPD" In part "B". 

In Exhibit C, page 2 , lb la rooordod that a soft and 
rubbnry matorlnl was prepared using succinic acid as a 
crosslink Ing ngrnt. 

In Exhibit D, undor '*(3) noaotlon Botwocn P.O. - P.B.T* 
I olymnrs and Anhydride Oompounds", bho amounts of oniiydrJdo 


cninpovinda which gavo the best rubb ery characteristics are 
rvoordod. It Is also observed In the table that various amounts 
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" / 

nf c ronal in:; ln)~ n^onb a:i?o shorn ns belnn; renotod with the ! 

liolyi-^lycol nolyinor and polyhydrlc alcohol. 

i 

'•Jli'ilo npp'licanl, nubinltn that Viln clnlinr, 'U n 1 1 apn Ish i 

o/rip hVio j-of’orotu’.f;;’. , and that tlio Rule 111 n rr 1 d/i vita npn not | 

i 

ip'f' in I in '■'V'T'cnin 1 ri'*, Idio rnCni’oncnS:, iio also points nnt l.li'it tho 
'ini" 111 i':,;hibi.ts do shovj rid.ibory matorlnls as al'ovn dosn p i bod , ' 

i.n rss,])on;‘io to tho I'lfth parafirapli , I In' pal, nnt I'.o 
'’on I ton also has no toachlnp, nr dlaclosnro oT a pol.yhyd r* 1 c I 

slooiml , as opocit'lnd in tho clalnin of I'.he prnsoni- nnpl.1 cat, Ion. , 
in j'dd 1 I'-lon . this rofcronoc Ja diroctod to reaction of d I cn.pbo;<;y-j 

I 

1 I c a n 1 d . ' 

'Hio cl.aimrj nov; presented aro bel loved to ho in condl- ' 
i'.lon (’ni> allowanoo and such notion is sol:Ic.ltod. I 

i 

Rospoctt'ully submitted, , 

t 

MefiOY, Giitn'iN!'; ?/■ Tfjnuo'i’i'iuiini ,'i | 

Attorneys j 

I 

/ , . i 

By__j _ . 

I 

dl e',/r'l and , Ohio 

1 
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poi.yglycol rtjbbbr 
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Ik'cr'onsivo tn the amendment filed November 21, 1957, 
1. The claims are 13-24. 


2. Claims 13-24 are again and finally re.lected 
as not pror-rly defining the alleged invention. (A) I’he 
claims are broad and indefinite in that the term "poly- 
Clycoi polymer" as defined implies a mixture of a poly- 
alkylene ether glycol (from the alkyiene oxide) and a 
polyfiydric alcohol. Of the specific examples only 
Example 3 will support these claims and therein it is 
clear that the "polyglycol polymer" is formed by the 
cnnrlonji^lon reaction of propylene oxide and ponta- 
erythrltol. The claims thusly do not define the disclosed 
Invention. Eurthermore, this being the sole Example in 
support of the claims,. it is considered that both the 
"alkyiene oxide" and the "polyhydrlc. alcohol" ar (5 too 
broad in view of the use of propylene oxide and ponta- 
^rythritol in that example. As a matter of fact applicant 
disci osoG his preference for propylene oxide at page 4, 
lines 14 et seq. of the disclosure. Also nolvether | 

£lY:col_pnlirmor would be preferable to "polyglycol polymer". 

» 
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(B) The recitation of proportions '*by weight” of poly- 
glycoil polytiier and diisocyanate is not deemed sufficient 
for the red son that only equimolar proportions or ex- 
cesses of diisocyanate have been disclosed. This limita- 
tion permits an excess of polyglycol (where the molecular 
v/njght is lov;) so that a hydroxyl terminated polyurethane 
is produced. Such products are beyond applicant's 
scope and would have doubtful utility. (C) In claim 15 
"residues of said polyhydric alcohol” is indefinite, 
i'he term does not define v;hnt the residue is or how it 
is connected in the chain, A hydrogen atom is even a 
residue of the alcohol, (D) In claim 17 the ”500” is 
beydnd anplicant's scope since only molecular weights of 
6no or greater have been disclosed. 

3. Claims 13-2’i- are again and finally rejected 
s urniatentable over either Langerak^ Hill or Rugg as 
set forth in paragraph 3 of the Office action of May 

1057 , Anplicant's claims are so broad and indefinite 
ar noted in paragraph 2 , supra, that no patentable dis- 
tinction is seen over the reference. The affidavit 
under Rule I 3 I filed August I 3 , 1956 is not considered 
t'-i aid In overcoming this rejection for the reason that 
the present claims define a "polyglycol polymer” which 
' not the same as that disclosed in the affidavit (see 
raragrapli 2 (A), supra). In regard to apj)! leant 's con- 
t-Miti-ins that utility is not required in a Rule I 3 I 
nTf Jdav.it, applicant's is referred to the decision Morv'ay 
et al V. Bondi 1953 C.D. 23 I. It is furthermore sub- 
mitted that the mere disclosure of a "rubbery material" 
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is not sufficient utility and in this regard see In re 
Brenner 1950 C.D. 3^2. 

Claims 13-2*+, all the claims in the case, 
have been rejected. 

This rejection is made ^INAL . 


DAHoes/sss 


(//mli' 
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I Applicant: 

■' SanlQl No: 
^ Piled: 

For; 



AMEKDH13JT AFTER FINAL REJECTION 

To tho Conunloalonor of Patents: ^ 

In roaponso to the Offloo Action of Dooombor 20, 1957, 
ploaaa amend tho above-identified application, ao followo: 

In tho claims: 

Claim 13, linos 2 and 3, after "form" delete "about 
100 parts by wolght of"; lino 3, after "terminated" delete 
"polyRlycol" and substitute — polyether glycol--; lino 1;., after 
■ ' "600" delete "and bolng at least 95 percent formed from units 
noleotod from alkyleno oxides, at least 20- percent of said units 
having more than two carbon atoms, further mixing said polyglycol 
I polymer with on" and substitute —which Is a oondenaatlon product 
! of an alkyleno oxide having from 2 to 4 carbon atoms and a--; 

■ lino 0, aftor "groups" Insert — , at least 20 percent of said 
alkyleno oxide having more than 2 carbon atoms--; lino 9, after 
•; "sold" delate "polyglycol" and substitute — polyother glycol--; 
samo line, after "polymer" delete "and said polyhydrlo alcohol"; 
line 10, delete "about 5 to 25 parts by weight" and substitute 
— at loast about an equal molar amount—; some lino after 
'1 "dl Isocyanate" insert --based on said- polyglycol polymor--; 
linn 12, after "said" delete "polyglycol" ond substitute 
--polyethor glycol--. 

Claim 14, lino 1, after "claim" delete "16" and sub- 


! stltuto —13 — . 
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Claim l5, line ??, after "(1)" delete "about 100 parts I 
by weifrht of a hydroxy terminated polypropylene ether havinp; a 
Is. molecular weight of at least 600 with" and substitute — a conden- 

sation product of propylene oxide' and — ; lino after "propylene" 
delete "glycol" and substitute — oxide--; line 6, after "groups" 

■ insert said condensation product having a molecular weight 
of at least 600-~; line 7, after "(2)" delete "about 5 to 25 
parts by weight" and subftitute — at least about one mole por mol 
of condensation product- -jlino 8, after "formed" delete balanco of 
claim and substitute — period (,) — , 

• } 

Claim 16, line 2, after (1) delote "about 100 parts by 
! weight oi " ; linos 3 and ij., after "terminated" delete "polyglycol 
, polymer having a molecular weight of at least 600 and having a 

■ molecular chain comprising alkylene oxide units, at least .90 

• i 

percent of which Is propylene oxide units, .with" and substitute 
--condensation product of propylene oxide and--; lino 7, after 
f ’"the" delete "polymer" and substitute --propylene oxide--; line 9, 

after "said" dole to "polyglycol polymer and said polyhydric 
alcohol" and substitute — condensation product — ; samo lino, after 
"with" delete "abpub" and insert — at least — ; line 10, delote 
"5 to 25 ps.rbs by weight" and substitute --equal molar amounts 
based on said condensation product — ; some line, after "organic" 
rielete "diisocyanate" and substitute — polyisocyanato-- ; lino 12, 
after "said" delete "polyglycol polymer" and substitute — condon- 
r.atlon product. 

Claim 17, linos 2 and 3, after "(l)", delete "about 
100 parts by weight"; lines 3 and i;, after "terminated" delote 
"polyalkylrno ether glycol having a molecular weight of at least 
500 and having at loast .90 mol percent of its molecular chain 
mado of" and substitute --condonsation product of nn--; line 6, 


891a 


after ’’oxide" delete ’’units"; lino 6, after "comma clnloto 

"(2)" and substitute — and — ; lino 7, after "the" delete "glycol" j 
and substitute --allcylone oxide--; linos 8, 9 and 10, after 
"croups" delete "so that said polyhydrlc alcohol becomes part of 
the main molecular chain of the polyurothano reaction product" 
and substitute — , said condensation product having a molecular 
weight of at least 600--; line 10, after "and" delete "(3) about 
5) to parts by weight" and substitute --(2) an excess--; line 
12 after "groups" insert --over that required--; lino I3, delete 
"glycol" and substitute --condensation product-*-. 

Claim 22, line 2, after (1) insert — a first polymer 
comprising a condensation product of — ; line 3, after "a" delete 
"hydroxy terminated polypropylene other having a molecular weight 
of at least 6OO," and Substitute — propylono oxide--; lino l| , ■ 
delete "with" and substitute — and — ; lino after "propylono" 
delete "glycol" and substitute --oxide--; linos 5 ®^nd 6, after 
"(2)" delote "about $ to 25 parts by weight" and substitute — 
at least about an equal molar amount based on the amount of said | 
condensation product used — , 

Claim 23, line 2, after (1) insert --a condensation 
product of propylene oxide and--; same lino, delete "about 100 
parts by weight of a hydroxy torralnated polypropylene ether 
■'living a mol'^cxilar weight of at least 6OO with"; lino 5» after 
(2) (Irloto "about 5 to 25 parts by weight" and substitute 

I 

--at least about an equal molar amount based on the amount of said 
conth-nsatlon product used--; lino 7» after "a" delete "second 
P'llymor" and substitute — polyurethane — . 

Claim 2I1 , lino 2, after "a" delete "reaction" and 
subsi. Ituto --condensation--; lino 3 after "of" doloto "an hydroxy 
t'lrmlnatod polyalkylono cthor glycol having a molecular weight of 



\ 
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at least 600 and containing alkylene oxide units” and substitute 
--an nlkylono oxido of 2 to 4 carbon atoms--; line 6, after 
"oxido”, dolote "units”; lino 7» delete "polyalkylene ether 
glycol” and substitute --alkylene oxide--; lino 8, delete 
"period (.)" and insert — , said condensation product being 
• hydroxy terminated and having a molecular weight of at least 
600 .--. 

REMARKS 

» • 

I' The claims have been amended to ovorcomo tho objections 

'■ of tho Examiner. In the claim 13 the term "polyglycol” has been 
changed to --polyethor glycol — as suggested by the Examiner to 
more clearly define the starting polyglycol ]bolymor. 

, Tho claims have been amended to more clearly point out 

, the invention and particularly to define the polyglycol polymer 
'■ as a condensation pi’oduct of an alkylene oxido and a polyhydrlc 
nlcohoX# In claim 13, for oxamplo tho polyethor glycol polymer 
, Js specif ied as a condensation product of 'an alkyleno oxide 
having 2 to []. carbon atoms and a polyhydrlc alcohol. It is also 
specified that at least 20 percent of tho alkyleno oxide be an 

' alkylene oxido having moro than 2 carbon atoms. Tho above 

l| 

■ limitatlo'ns are supported by the specification which points out 

I 

, that ethylene oxido, propylene oxide and butyl one oxido may bo 

. 

' used ao discussed later in more detail, 

;i 

In claim l5 the polyethor glycol polymer Is defined as 
a condensation product of propyleno oxide and a polyhydrlc alcoho: 
Claims 22 and 23 are limited to condensation products of propy- 
lene oxido x-rith pontaorybhritol and trimothylolpropano 
rospoc I'.lvely. 
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Tho above limlbatlons should satisfy the Examiner’s 
. criticisms in both paragraphs 2 and 3 that the claims wore broad 
and indefinite. 

Also in response to paragraph 2A of the Office Action 
j of December 20, 1957 » It is submitted that the terms "alkylene 
‘ oxide*’ and "polyhydric alcohol” are not too broad in view of the 
"act that only propylene oxide and pentaery thritol are shown in 
Examplo 3, Other specific materials are disclosed in tho 
npoclficnblon so that anyone skilled in the art could reproduce 
I the Invention defined in applicant’s claims. For example, 
claim 13 as now amended, calls for an alkyleno oxide of 2 to 4 
' carbon atoms and further limits the alkylene oxide to at least 
20 percent propylene oxide. Alkyleno oxides of 2, 3 and 4 
, carbon atoms are disclosed on pages 4 and $ of the specif icotlon, 
A basis for the limitation of 20 percent propylene oxide is 
found on page 5, lines 1 and 8. 

As discussed in tho amendment of November 21, 1957, the 
polyhydric alcohol and the amoxmts of polyhydric alcohol used are 
disclosed on pages 2, 3 and 4 of the specification. 

It is again submitted that one skilled in the art, 
reading the specification and following the working oxampl e , could 
practice the present invention. 

In response to part B of paragraph 2, the claims have 
been amended. to specify that the proportions of polytsocyanate 
’ to polyether glycol polymer he at least equimolar amounts. Some 
of tho claims call for excess polyisocyanate find specify the use 
or excess polyisocyanato over that required to react with the 
hydroxyl end groups of tho polyether glycol polymer. Even though 
applicant has disclosed tho prqportlons on the weight basis, the 
proportions by weight have been deleted from the claims and the 
amounts expressed on a molar basis as suggested by the Examiner. 
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In responao to part C of paragraph 2 , the term j 

''residues" of a polyhydric alcohol has been deleted from claim 

j 5:. 

In response to part D of paragraph 2, bho molecular 
weight of "3'00" has been changed to " 6 OO" as suggested by the 
Examinor . 

In rcrponsc to paragraph 3» submitted that the 

claims as novj prosonbod aro not so broad and indofinll.e that they 
iio not disl.inguish over the rcfororces. As pointed out in the 
omnndmonb of November 21, 1957, there is no suggoslion of the 
uso of a condensation product of an alUylono oxido and a 
polyhydrio alcohol in Langerak, Rugg or Hill. The condensation 
products of alkyleno oxides and polyhydric alcohols, in which 
the polyhydric alcohols are used as chain starters for the 
polyother glycol polymer, are not disclosed in the above patents. 

Also in response to paragraph 3, tt is submitted that 
the claims define a polyethor glycol polymer, that la disclosed 
in tho Rule 131 affidavit, althouf^ it is again contended that 
the Rule I 3 I affidavit is not needed since tho claims distinguish 
from tho references. 

In regard to utility requirements of Rule 13 I 
1 ; exhibits, Lho Norway et al vs. Bondi (1953 C.D. 231) case in 
'■ directed l-o an interference between two parties. One of the 
partion nl.l.ninpted to show reduction to practice of a lubricant 
by showin/i a mixing of ingredients to form a lubricant composi- 
tion. Thi' mixing was held not to be enough to establish reductioi 
lo pr.'ic.tii'r! in that pa rticular case , because production of a 
err 1 .1 InJL.vpn of heavy dirty groano was not shown by more mixing 
Jn contra.-. t to presenting tosts that would show tho grease 
poaseasod kho properties desired. 
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It is. submitted the Morwoy et al case is not 

con tT'olllnj;; in the present case. Even on page 235 of the 

Hoi’way et ul ease it is recognized that products mny be reduced 

to practice when made and without .further' tooting. A portion 

of page 235 la quoted as follows: 

’’Certain products or sub stance 3 may bo held 
fully reduced to practice when made, without 
the need of tests, because the utility in 
the pertinent art Is well xmderstood, Larson 
et al V. .iClchor” 

The In re Brenner (1950 G.D. 'ik?-) case does not hold 

1hnt mere disclosure of a rubbery material in a Rule I3I exhibit 

.Is innufficionb to disclose utility. There la no mention of a 

I’ulfi 131 affidavit in the case, the case being directed to the 

I’equlremcnt for utility in an application. Evon if utility 

wei'e roq\iirnd in a Rule I3I exhibit, disclosure of a "rubbery” 

material in the present case is an indication of the use or uses 

IntentU'.d which would be enough to show utility in an application 

accoi’ding to tho In re Brenner case. 

It la submitted that the claims ore now in condition 

for allowance and such allowance is solicited. 

Respectfully submitted, 

McCOY, GREENE & ToGROTENHTJIS 
Attorneys 

Cleveland, Ohio 
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reou'l tnnt noXynroti’ano. Tn c3 alni 3.6 the phrase "no 
r^iore tban 3 0 moXn precent — - of an - — alcohol" in- 
cludes nercont v-hich annXicant has expressly do- 

S-1ro(] to o'.-c3,i.i0o. In claim 17 the "of" of line 3 
siiould no’’^ he dnietcd. Also in claim 17} line 7 
"of the nlycQi" is unneoessr.r^'" and makes for indefinite- 
n'^us. In c.i.ait.i 22 there is no indication of the mole- 
cular v.'eir-'ht of tlie polyethr-r glycdl. In claim 23 
I hr* coinmn. in line after "600" should also bo deleted* 
r'o in claim 23 there is no indication of the molecular 
'•'ciftiit of the nolyoth'-'r plycol. •l•''lu^thcrmo^o , in claim 
r-'i. l ine thf) "are" should be replaced by "is". In 

in 

f'lrims 17, 17} 22, 23 end ?Ji-' aunl i f;ani/fchould recite /a 
P'-si live I'lannor that a fiolyure thane reaction product is 
obi.ained. The lanp.Uaf'e of claims 13 and 16 is adequo.te 
in tiuis rerard; )),amoly, that "reacting the mixture 
until a second polymer having a cliain length greater 
than I'hat of said polyether glycol polymer is formed." 
i-s these claims stand the "socond polymer" is not criti- 
cally difL'ei'ont than the poly d’.her glycol. 

4. Claim 16 ^''pi.'ld still be considered un- 
paten! able ovur either J.angBruk, Fill or Rugg as set 
i'orth in paragraph 3 of .the Final Reiection, Since 
as pointed out in paragraph 3 of the i.nstant Office 
action this claim does not rcfiulre the alcohol to be 
u-'-ci.ontj i.t does therefore not avoid the references. Again 
l.h*' a.rrid.'ivlt uirief Rv^le 131 Is unacceptable for the reason 
i.hat r\o utility is r.howi ther'iin. Even the disclosure 
of I.!k' u.'in of a polyiiior a.s a "film" is insuf Ciciopt 
u'llity. ’re\-’tr ocarhon T.imit^d v. ’• ^ohert C. '''atson, 
r:;i oner of Pnt.ont.s, 72*1- 




- 3 - 



V 





Anpl leant; 

fieri nil No: 
I'Mlod: 
l■’o^ ; 


899a 


Doe, 7003 


/ : '' 


IN a«I5 IJ NT.TE D S TATES PATENT OFFJC vh' i.C 


Charloa C, Prloa 

381,999 

Septombor 23, 19^3 
POLYGLYCOL RUDHEft' 





Pat.' (jl) 


AMENOMENT A F TER PINAL REJECTION 

To V.ho Coiranlnn loner of Patents: 

In rooponnn to the Office Aotiorn of nooomhor ?n, lOiJ? 
anil March I3, 1950, pleaoe amend the abovo-enti f.led application, 
an followa; 

In tho claims: 

Rewrite claims 13-24. as follows: 

Tj. A process of forminR a polyurothono reaction product 

oemprlalnR tho stops of mixlnn In a liquid form (1) a hydroxy 

i.f-rmlnatod polyother f'lycol polymer havlnr. a molecular wolRht 

of at least 600 which la a condensation product of an altylono 

oxide having from 2 to 4 carbon atoms and a polyhydrlc alcohol 

havl.np: Ions than 7 carbon otnma and havln/i 3 to 6 primary 

hydroxyl p;roupo,'at leant 20 percent of said alltylonn oxldo 

hnvlnr, more than 2 carbon atoms, and (2) at lonsl; about an equal 

mol-sr amount ol’ an orffanlo dllsocyanato baand on paid pnlyothor 

"lyool, and roactlng tho mixture until n second polymor bavlnn 

a chain lonr.th substantially groater 'than that of sold polyother 
♦ 

rlyool polymer Is formed, 

26. Tho process of claim 25 In which tho roactants aro , 
bentod from' 100 up to 200®C, 

27. A process of forminf; a polyurothano reaction product 
comprlalnf» tho stops of mlxinc (1) a condensation product of ■ 


I 
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nor, 7In. 301,09') 

Pfopy) rnti oxldo and about .01 to 10 mol porcfint basod on thn 
nvopylonn oxide qf an aliphatic polyhydrlc alcohol of loon than 
7 carbon atomn and havinn from 3 to 6 hydroxyl groups, aaid 
onndonantlon product having a molecular wolf’ht; of at least 600 
and (2) at loaat about ono mole per mol of oondonnatlon product 
1 of an orr-anlo dllaooyanato, and roaotinff the mixture tmtll a 
sneond polymor havlnR a chain lonRth suhntantlnlly Rroator than 
1 . that of aald condensation product la formoii, 

i 

20, A process of proparlnR a polyuruthano roactlon product 

oomprIalnR the nteps of mixing (1) a liquid hydroxyl terminated 
nolyothor plycol polymer having a molecular weight ol' at least 
600 vrhloh Is a condensation product of propylene oxldo and about 
'• ,01 to 10 mol percent based on the propylene oxldo of an 

aliphatic polyhydrlc alcohol of loss than 7 carbon atoms and 
having 3 to 6 hydroxyl groups and (2) at loaat an equal molar 
: amount based on aaid oondonsntion product of an organic 

polyl socyanate having 2 to 3 functional Isocyanate groupn, and 
rnnctlng the mixture to form a roactlon product having a chain 
length niibatanblally groator than that of said polyothor glyool 
pp1 ymor , 

po. A proooaa of preparing a polyurothann mao li Ion product 

cnniprlsing tho stops of mixing (1) a liquid hydro-:yl terminated 
condonnoMon product of an alltylono oxide having at .Tonal 3 
c.'irbon atomn, and about .01 to 10 mol pni'cont based on l.ho 
u,l Ic/T one oxldo of an aliphatic polyhydrlc alcohol having 3 to 
6 hydrox'-l groups, said condensation product having a molecular 
wnlght of at loast 600, and (2) an excess of an organic 
polylnon ,'uinto having 2 to 3 fiuiotlonal isocyanate groups over 
t-hat roqulrod for roactlon with tho hydroxyl tormlnal groups 
of tho condensation product, and reacting tho mixture until a 
second polymer having a chain length aubntantlnlly groal.or than 

I 

that of .•^' 1 ^d condensation product Is formod. 



•CW 





ant*. }]o. '5^31,999 


i ; 


901a 


A product made accordinp; to procosn of claim 

11. A product made accordin/r to process of claim 26. 

12. A product made according to process of claim 28. 

^3. product made according to process of claim 29» 

I 

3)| . A procons of forming a polyurothano reaction product 

. oomnrisirig the steps of mixing (1) a first polymer comprising 
1 a cnridonnation product of about 100 parts bv Moti-vd'. of prnn'rl one 
' oxide and about ,01 to 10 mol poi*cf)nt o:i l.h • n '-’ijriyl on o 

oxide of pentaorythrltol , said first poli/mor Vinvlnn a molecular . 
woipbt of at least 600, and (2) at least about an equal molar 
nmount based on the amount of said condensation product used of 
an organic diisocyanate, and reacting the mixture until a second 

I 

polTpner having a chain length substantially greater than that 
of sai.d first polymer is formed, 

i;,'. A process of forming a polyurethane comprising the 

slops of mixing (1) a condensation product of propylene oxide 
and al'oiil .01 to 10 mol percent based on the propyl one oxi'lo oL‘ 
trimnbhylol propano , said condonsation product having a molecular 
uolrht of at least 600, and (2) at least about an oqual molar 
amount based on the amount c ' said condensation product used of 
nn organic* diisocyanate, and reacting the mixture until a 
■ second polymor having a chain length substantially greater than 
bhnl of said condonsation prod\xct is formed. 

3h. A polyui'ot'.hane reaction product of .(l) about ono mole 

o(' MU organic dllnocynnntn anti (2) about ono molo of a 
cnniionsation product of an nlkylono oxido of 2 to h carbon atoms 
of which (lb loast 1 !j percent la propylono oxido, and about .01 
to 10 mol percent basod on tVio alUyleno oxide of an aliphatic 


V 


1 
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polyhytiric alcohol of' lean than Y carbon atoms and having 3 to 
Ij hyilroxyl said condensation product boin^ hydroxy 

'.ormi.nated and hnvlnfT; a molecular vjeip.t.t of at least 6 OO, said 
nol yur n I’.hano reaction product having a chain lonp;th substantially 
greater than that of said condensation product. 

n E M A R K S 

Tn rosponso to the Office Action of Docombor P.0, 19^7, 
and narch :i 3 , lOb'B, pleaso disreniard the amendment filed 
i-’cbruary 19, 19158 and enter the present amendment in which 
olafm:; 13 to ?.l\ have been roiiirltten as claims ?5-30 rospectively 
to nrovido clean copy. 

In addition, chnnp,OD havo boon mado in claims to 
correct the objections expressed in parapraph 3 of the Office 

Act ' on of March ]. 3« 1950. , 

In particular response to parapraph 3, claim P5' (old 

claim 13 ) ’s submit. led In which the vrord "mlxlnr," Is not 
rof'atod as it was in lino 9 of old claim I 3 . Also the 
"po I yplycoi ” in the third bo last lino of amendment bo claim 13 
liar been replaced by --polyebhor glycol--. Appli.cant«n attorney 
wirties to Ihanl'-. the TUxamlncr for pointing out I’.hoso errors and 

nml .r. .sion,”. . 

Olai.m l9 has boon rnwi’itben as claim 27. I'ho moloculai 
wolpht of tho resultant polyurethane has been imilcatod by the 
Innyuagc "reacting, tho mixture until a second polidn^'f having a 
chain length substantially greater than that of said conden- | 
sation product is formed." In a similar manner, liraitabions 
have boon included in claims 27, 29, 3l|., 35 and 36 (old claims 
19, 17 . "R. 23 fnd 2l|) to rocito iri a positive manner that a 
pel .niro than o reaol.ion product is obtained. 
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Mow claim 20 (old claim l6) now apociJ'los tliat nbont', 

.ni hn V) mol porcont of a polyhydric alcohol bo unod wh^rb 
pTioludoa zero porcont. 

I 

■ 'Plao word "of" In lino 3 of claim 17 (now rewritten | 

\ I 

ar, claim'. ''b) has b(!on deletod. Also tho words "of the fflycol" 
formorl^r •ippearin/' in 'lino 7 oi* claim 17 have boon snbntitnted 
Tor '.!,Y tbo words --based on the alkyl eno oxide--. 

In claim 3I4. (formerly claim 22) tho molocul nr wnipht 
of the polyothor pilycol polymor has been specif j od as 600 by 
the followinn lanp;na,n:o inserted in line ,9 'of' clalia PP. after 
"pna'..aory thrl bol" 

"--said first polymer havlnp; a molncular 
woip:ht of at least 6OO--" ' 

Tn cla.lm 23 (now claim 35) the deletion of tho comma 
(,) In line I4. after "6OO" wan Inadvertently omittod from tho 
(jroposorl nmondinont of Pobrnary 19, 1950* Ihia lias boon taken 
''are of in tho rewritten claim 35- Also In claim 3‘?» 

I'.o'l ■■rnlnr wol^ht oT tho condensation product Is .'ipocHMod ns at 
I'Vicl. 1)00. 

Tn claim 2)|. (now claim 36) tho word "are" In lino 9' 
bn.’! boon roplacod by --Irj--. 

Tn response to pax’ar'raph [|. of the OtTioo Action of 
birch 13, 1958, claim I6 (novi claim 20) has boon rewritten a.n 
•nd’cauod above to spocify the uso of .01 to 10 mol porcont of 
b>o polyhydric alcohol in placo of tho lanp:uar,o "no moro than 
!0 mol riorcont." Tho lower portion of tho polyhydric alcohol 
•'••rii’- ' had boon proviously omittod in claim I6. Olalm 20 
( l.ton I'rom claim I6) now din tinpiuishos from '.ho roforonoos 

c i i.od in p.nrarraiih 3 of thn Pinal Ro.ioctlon, 

'•n-vilo tho Rule 131 affidavit is not needed bo oyoroomo 
I >10 rr ‘onmeo, it in noted that the Pplirocarbon htd. case 
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r.or. Mo'. •’.81,999 

(7Ph 9.0. I|38, ll.'j U.S.P.Q. 95) is dlroctod to a roqu!.romnnb 
ror' ubllLi;;!/- in an application and makes no reforonce to a Rnlo 
i.ll ordilblb. 

Appllnonb has mado an oamosb of fort to prepare the 
clailras for allovianco and appreciates tho errors and omissions 
itindly pointed out by the Examiner. It is submitted that al], 
claims are now in condition for allowance and such allowance 
is solicited. 

Respectfully submitted, 

McCOY, GREENE h ToGROTENHUlS 
Attorneys 


.'y '< y . 






Clovoland, Ohio 
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Letter dated September 11, 1961 
Prom; T. TeGrotenhuis 

To; C. Price 

Page 905a 
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McCOY, GREENE & TeGROTENHUIS 


WII.I.IAM C. M« COT 
r«AM« ft. 0*C CMC 
«. A.VCOMOtCHMUIS 
WIIIIAM C.MCCOV.4M. 
VinCCNt A.0MKCMC 

OCMMION A.MAVtMtWft 
niCMAMS M.MOwCil 


DULHLCY 8 UILDINO 
CI.CV«:LAN9 IB, OHIO 

September ll. 3.961 


l*ATKNT ANf> 
tMADCHANM 
L A W V C R • 

MAIN l-OAVO 


Dr. Charles c. Price 218 

John Harrison Laboratory of Chemistry 
university of Pennsylvania 
Philadelphia 4, Pennsylvania 

pet 7003 -Intf. - Price Vs. Hei:ia, Intf. No. 

\ 90,414 ^ 

\ 

Dear Charlie t 

\ 

\ 

X'm'glad you liked my brief in your Interference, 
hovKiver, the date it was received, we got a postponement of 
the hearing to February 1st. in response to this, I filed 
a petition to the Commissioner of Patents and I also called 
Hoarce B. Pay, Jr., the Assistant cotunlssioner, who is a 
very good friend of mine and for whom 1 have done many favors. 
On September 7th, however, 1 received a reply by the Senior 
Party liciss to reschedule the final hearing for a day in 
'November. X am enclosing herewith a copy of our petition 
and also' the reply. 

X am extremely confident of winning this case on 
tlie first grounds. The only reason X argued to any extent 
on the reduction t>£ practice at Notre Dame was to prevent 
others in' the future from immediately considering the Winds- • 
mouth epplication of Bayer as prior art to yours. The work 
done at Notre Dame would never win the interference for a 
junior Party, but X am certain that the Board, or the Court, 
at least, will never decide the Interference on the ground 
that Heiss cannot make the counts. As you remember, in only 
the very first couple of experiments performed did Herbst 
use diisocyanates. All the others used dlcarboxylic acids or 
anhydrides. You can expect Flick to make the most of the 
argument against the reduction of practice, but I am confident 
)te will lose the interference. In other words, I think you 
can rely pretty strongly on collecting your share of the 
$1,000,000 royalty. 


Very truly>yours, 
T. A. TcGrotchhuie 
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DEFENDANT'S EXHIBIT I 

Certified copy Motion to Dissolve, dated March 31, 1960, 
Interference No. 90,414 

Pages 906a to 918a 


O 
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PO-SS-Rev 906a' • 

U. S. DEPARTMENT OF COMMERCE 

UNITED STATES PATENT OFFICE 

Januar y 4 , 1973 

(Date) ’ 

Tins IS TO CERTIFY that the annexed is a true copy from the records of this office 

of Certain Requested Documents, filed March 31, 1960, in 
Interference Number 90,414, 



By authority of the 
COMMISSIONER OF PATENTS 


Certifying Officer. 



tofiCKtT ftiviSiUN 


907a 





/ 


7003 -J.ntr, 


^/5 


a 




IN THE UNITED STATES PATENT PPPICE 

,, ■ I 

BEFORE THE BOARD OP PATENT TNTERPEBENCE 3 



F . 


CHARLES C. PRICE ) 


Intf. Ho. 90I44 


,1 HERBERT L. HEISS 


f 


To tk« Ocnr^iDlsalonop of Patents: 

MOTION TO DISSOCyE I 

nie party Charles c. Price moTes under the prorlalona 
of Rule 232 that this Interferenoe be dlaeolved on the following 
grounds: 

(a) The Party Heiss has no right to make the elalK^, 
fomlng the counts of the Interference. 

< , -I ' .1) . • 

(b) Ilie olalus forming the counts of the IntarfaraiMa 

,1 

are not patentable to the Party Heiss while being patentable to 
the Party Price. , 

Argument Relative to Ground (a) Abovo 


t. 


* /H*" t <• )■’ M 

As will be seen from the Price patent In Intsp^- « p.K 

' e* . 

ferenee, each of the counts specifies that the hydroxy tanU^to^ 


polyethyl glycol polymer has a molecular wel^t of at least 600. 
As will be seen from a study of the file history and also a study 
of the patent, this "bOC** limitation Is critical. The Reiss 
application contains no disclosure whatsoever of a oondenaatlon 
product of an alcohol having more than two hydroxyl groups with 
propylene oxide or with any alkylene oxide having three or more 

curbon atnas and having a molecular weight of at least 600. 

'I 

|| In arguing with the Examiner concerning his right 

II to make the counts, the party Helar mislead the Examiner by 

It 

|; insisting that the molecular weight of the condensation product - 
il of 13.2 mole of propylene oxide with 1 mol of glycerin neces- 
'I sarlly or Inherently has a molecular weight of at least 600. He 
j| baaed hla arginaont on the -fact that I3.2 times the molecular 


« 

.A* 


> 

“M- 

.*1 

3 

3 
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j I 

I w«l^t of propylone oxldOi plus tha molooular weight 6 f glyoerln | 

II la nore than 600 . It will be ahOwn herein that while there la ' 

I 

l! no dlapute aa to the arithmetic of the Party Belaa, there la no 
baala In faot for any aaavonptlon that the. molecular weight of the 
I eondenaatlcn product will be anywhere near 600 molecular weight. 

I In hla action of October 2, 1958. the Examiner ' 

j In paragraph _$ pointed out to the Party Helaa that the eondltlena | 

I of reaotion, temperature, catalyat and no.leoular weight of the 
I alkylana oxlda-organlo trlhydroxy compound la not aet forth In 
j the apaelfloatlon and that applicant Helaa vma merely extending 
I an invitation to the public to experiment end determine what 
moleoular wal^t la moat dealrable. Ihe Party Helaa pointed out 
in hia answer to the Examiner that the condensation of glyoWrol an 
Itropylene oxide ia old in the art aa deaoribad In Bohmldt Patent 
1 , 922 , 459 , Melvin DeOroote et al patent 2,357,933 and Melvin 
DeOroote et al patent 2,357,937. falaaly indicating that the 
product of the apeolf'lcatlon waa a product neoeaaarlly auide under 
these patents. Qiere la nothing in the application of Helaa as 
filed. to Indicate how the product waa made or under what patent 
it would have been made, and even if it was made under any of 
these patents, which certainly cannot be presumed that it would 
have a moleoular weight of at least 600 . Hc^wever, Party Reiss by 
referenoe to these patents In an attempt to supply an easontial 
part of hla disclosure oertalnly must reoognlae the data and 

I authority of Melvin DeOroote In this field of condensation produotej. 

'll 

I'He in faot referred to these patentees 

ij 

j "aa evidence that skilled artivana could 

; make applioantta condensation product" 1 

(page 11 of amendment and filed February 

|! 6,1959). 

"It will be hereinafter shown that publications of Mr. DeOroote show 

r 

'the moleoular weight to be only a fraction of the value as 
calculated by Party Helaa. 

I' 

Party Price contends, and It will bo shown hrv.ilTi 
t>y referiinoe 1.0 pclniiul 1 that It Is rocognlr.ovS llial 

. j ■’< 
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I the iBoleouler weight of a ooneLenaatlon product of propylene oxide 
l,and an Initiator la not tliat computed In the mahner of Helia but 
i|lB only a fraction of thla computed value, which would be the 
jinaxljn-im molecular weight theoretically poaelble If there were no 
i other reactions but growth on the alcohollo hydroxyl of the ^ 

1 glycerol. | 

‘ ■me moleoular weight of a product obtained fro* a 

imlxture of 1 mol of glycerol and 13.? mola of propylene oxide 
may In fact vary all over the lot, depending on lixe prooeea ueed 
I and reaction oondltlona, and a molecular weight of 600 le not 
I Inherently obtained. The maximum poaelble theoretical molecular 
j weight of a condensation product of 13.? mole of propylene oxide 
I and 1 mol of glycerin would be, as Party Helss oentends, around ^ 
IsoCM- If all the propylene oxide beeame connected to a glyoerol 
I residue. However, there are several factors that inflUonoo 'tl^ 

I * i * * .^' ** 1 * 

molecular wel^t of the product obtained, as follows: ‘ . 

First, glycerol Is readily and usually advenkltiomrty • 
Lontamlnated with other Initiators , It Is well known f or- Itir 
lability to absorb moisture and most ooa«erolal glyoorol eontalna 
'•an appreciable water content. If one makes the reasonable 
jjasBumptlon that the glycerol Helss used contained 10^ water 
li(wel^t basis) and that water end glyoerol are equally effootlvs 
llnttlators, then the moleoular weight even without’ any chain trans- 
Ifer would be less than $ 00 • 

ij Second, under many polymerisation conditions, the 

ijmolecular weight of a oondensatlon product of any hydroxy compound 
fond propylene oxide is detemlned far more by ratio of propagation 
!to transfer Kp/Ktj, than by ratio of monomer to Initiator j 

'[([m] / Cll ). ! 

■Ihe sequence of reactions Involved In the poly- i 

.merlsatlon of propylene oxide on any Initiator RO Is as follows, | 
•Uiere Kp la the propagation coefficient and Ktr Is transfer ' 

Coefficient, 

\ 
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• ^ I « ’ ' c 

RcT + RO-CH-Q ). R0-(CH2-CH0)„CH2-CH-0 


CT 3 OT 3 


2 -CH -CH 3 (•> 


I CH2"CH - CH2<^ + RO(OH2-OHO)n®2"® 

! then (f) eoti *a Initiator with propylene oxide as followet 

additional _ 

.0 ^ 

i )n+l + C!H 2 “CH-CH 20 ® CH 2 -CH-CH 20 -(CH 2 -CH- 0 )n- 


CH2-CH-0” 

It la Been from the above that new InlUatore are 
formed by chain transfer, a prooeee well known to all polymer 
ohemlata, these new Initiators act juet as did the original 
I Initiator present and therefore reduce the amount of propylene 
: oxide available for growth on glycerol and thus greatly reduce 
the molecular weight from the value as computed by Party Helss. 
Kvon the allyl ether end groups In the presence of base, readily 
rearrange to propenyl end groups susoeptlblo to hydrolysis In 
polymer purification by a dilute aold wash, so the molecular 
1 wolght pbt®ln*d la attll lower* 

jl DlffjBrent 

1 ' The Party Helss on page 11 of the amendment filed 

!i February 6 , 1959 referred to certain DeQroote Patents, Hos. 

?,3?7.933 2,357,937, Inclusive, as evidence that " the 

skilled artisan could make applloante* condensation product. 

Ihle same skilled artisan shows In Patent '2',6o9, 932 that tho 

■ ij 'j : '' ^ 


911a 


condonss'tlon product of glycerol and propylene oxide 1> only 
a fraction of what one would expect If caloulatlonc ware Aade 
upon the baala uaed by the Party Helsa. Thua, rafarrlng to 
Table 1 , ooluzms 9 and 10 , it la aeen that where the theoretical 
molecular weight was 10 , 900 , the actual molecular weight waa bat 
4,275, where the theoretical molecular weight la 9^65, the aotualj 
molecular weight waa 3910J where the theoretical molecular 
weight waa 7765, the actual molecular weight waa 37^0; eto. 

The only conolaalon that can be drawn from thla patent, la th,bt 
certainly by the method of making oondenaatlon produo taoa 
shown by DeOroote, the oaloulatlons of theoretloal aolaeular 
welcd^t are of no value. 

DeOroote Patent 2,771,471, points out In colnan 

♦ » ► < 

% 

4, lines 10 et aeq, <fi 


”Oxypropylatlons are bonduotod under , , 
a wide variety of conditions, not only 
In regard to presence or abaenoe of 
catalyst, 'and. the kind of catalyst, but 
also In regard to the time of reaction, 
temperature of reaction, speed of 
reaction, pros sure during reaction, eto. 




I 


■ The entire columns 4* 5 ^ this DeOroote 

patent point out differences obtained under different oondensatloji 
conditions. The reaction can take place even with exploalve 
violence under some conditions and It Is Impossible to have the 
same molecular weight obtained under all conditions. In Table 
1, columns 7 and 8, It will be aeon again that the theoretloal 
molecular weight, which la calculated on the basis proposed 
by Helss may be several times the actual molecular weight. There 
la In fact no definite relation between calculated or theoretloal 
I molecular wel^t and the molecular weight actually obtained. 

Other Patents Confirm pedroote 

The Lundstod Patent 2,674.619, which Is assigned 
' to Wyandotte chemicals Corporation of Wyandotte, Michigan, shows 
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■for example In Example 1 ’that whereas a molecular weight of 
propylene oxide Initiated by propylene glycol was calculated aa 
2380 on the basis used by Party Heisa the final product as 

measured had a molecular wel^t of only 1620. Column 6, line* j 

f i 

1-4, the patentee atatea, 

"It will be noted in Part A of the 
above example that the moleoular 

welAt, as detennlned by hydroxyl \ 

numbar, was appreciably lower than « 

the calculated molecular weight. | 

, Tho Sokol Patent £.527,970, which is asalgned to 

Hoyden Chemical Corporation, atatea (ool. 2, line* 15 «t aaq), ^ | 

"When oartaln oatalyata are used ^o » 

product la a mixture of the expected , j 

pentaorythrltol hydroxy other and 

varying amounta of polymora of ethylene ^ 

oxide." . . ' ' J 

After referring to the oondenaatlon of pantUery- ^ 

i thrltol and propylene oxide which should have produced a m. w. H 

/ J 

of 83'd, Sokol aaya: , ■ a 

"However, the moleoular weight of the 'j 

mixed product la much lower • I 

V * correspond to such a compound, (lines 

38-40 ool. 2) * 

Sokol also points out, column 3, lines 43-46, j 

"I have found that small but significant 

amotmta of water favor the polymerisation > 

of the alkene oxide and hinder or auppreas ; 

1 the desired reaction of the alkene oxide j 

with the polyhydrlo alcohol. ’ 

Ihla diowa, as previously stated, that any absorbed ^ 

I moisture In the glycerin must bo considered and also greatly 

I reduces moleoular weight obtained. In the table appearing across 

! columns 5 and 6 of the patent, Sokol points out that when j 

J' utilising the particular catalysts there described, a moleoular 

*' weight of 650 should have been obtained on the basis of oaloulatldn, 

i a molecular weight of only 328 was obtained, and when the moleoular 

weight should have been 782 on the basla of calculation such as j 
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Bade by HalflB the moleoular weight was only 291 when meaaured. j 
In every case, as shown by comparison of the last two columns of j 
this table, themoleeular weight Is but a fraction of that | 

theoretically obtained. It la obvious therefore that moleoular 
weight depends upon conditions of the reaction ^d the particular 
oatalyat used. 

Doctor's Ihesls In Notre Dame Library Also 
Shows 7alaoy.of Helssi Computations 


Applicant I'a enclosing herewith a photostat of 
pages 11 to 1 $, Inclusive of Dr. St. Pierre's theela which . , 
appears in the Library of Notre Dame Dhlvarslty and la •rallakle 
to all people deslrlr^, it. Oils thesis, which Is dated^SShd ^ 

Jhly, 19549 clearly lahowa that where one would expect by cal- 
ciilatlon a value of overlbooo molecular weight, there if |f^«aUy 
obtained a molecular wel^t of only 794 * which la but a ^rpetileB 

J 

of the calculated or theoretical value. Ihe bound Itbravy <^ 17 d 
of which will be handed to the Examiner and will be available 
at the hearing for inspection. 

In each polymerisation of Dr. St. Pierre, it is 
pointed out that the Initiator la a fraction of the material of 
the previous reaction. He started with .015 mols of Initiator 
sodium methoxlde.ln Example 1 and produced about 44 grams of 
product. 20 grams of this containing about l /2 of the .015 
■olea of original initiator was used for Example 2 , or .00? moles j 
of initiator. 2^ of the product of Example 2 containing' ^ X .007 j 
■ .003 moles of Irlglnal initiator was used for Example 3 etc. ^ 

Ihe total propylene oxide In Example 2 was 20 X .75 mole <f .69 . 

44 I 

mole « about 1 mole. The propylene oxide in Example 3 was 25 ' 

OT 

X 1 mole + .69 moles >= about 1.2 moles. This corresponds to 
over 300 moles of propylene oxide to one mole of Initiator. The 
m.Wi computed on such a basis should have been over 16,000 
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irtisraaa toa Baaaurad valua aa ahowa on paga 14 only 794. | 

Dr. 8t. Plarra'a thaala alao ahowa, tharafore, that tha molaonlap j 

weight ealoulated on tha baala of Initiator Initially preiont ! 

I la not obtained and that the moleo\aar weight obtained In the ^ 

I product la datermlned by the parttoular proceaa by which the 

I polyaier la foiwed, and the oondltlona of the reaction which 

Aataraloa tha relative rate of polymer propagat.lon and chain 

itranafar, aa llluatratad above. 

Balaa Doea lot Dlaoloaa ^ooeaa ^ 

Vhleh Cendanaatlon Produot la Made 

Attomeya of Party Price have thorouj^ly atudled 
the applleatlon of Part^ Helaa and have' been unable to find 
anywhere In thla applleatlon. aa filed, any atatement aa to haw / 
cendanaatlon products are made, or any atatement aa to their 
■oleoular weights. It la therefore seen, In view of the art 
harem cited and particularly that of DoOroote, who tha Party 
] Helaa first rocognlaed aa being a "skilled artissa* in the field 
and who was flrat relied upon by the Party Holst, that tha 
molecular weight cannot bo properly ealoulated on the baala of 
I the aaaumptlon that all of the propylene oxide grows on the 
1 alcohol Initiators, l.a.. In thla case tha hydroxyl group, of 

glyoerlB. 

I Haason_Alao_^iowa_Holaa^_Dlffa?a|^ 

I That the molooular weight oannbt bo determined by 

I calculation on the baala used by Party Helae la alao llluatratad 
I by tha fact that If the proportion of glycerin was only one In a j 
I thousand, tha molaoular wel^t of the condensation produot 
I according to Party Hel-^c would have to be 1000 times the molecular 
f weight of propylene c.xlde, which la $7 plus tha molecular weight 
'{of glycerin, or 57,093* If the Amount of propylene oxide were 
„ reduced to 1 part In a million, the molecular weight would have 
Sto be 57,000.093? if the an^ount of glycerin wa. reduced to aero, 


i , • 
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. the raoleoulBr weight according tn Party Helsa* calculation 
I S I 

would necessarily bo Infinite, which obviously would never oesar. i 
I I 

|| It la submitted that the only possible conclusion I 

|, from the above la that the molecular weight ot the eondensation | 

I product of 13.2 mols of propylene oxide plus 1 nol of glyeerlo I 

' " I 

' la not inherently anywhere near at least 600. 'Vftiile it miff be * 

' possible under certain reaction conditions to obtain a moleeular j 

' weight of 600, the probabilities are small indeed and, in view 
of the fact that the method of preparing the oondensatien 

» 

1 product la not set forth by Party Heiss and there is ne basis 
|i on which to form even an opinion, and in view of the fact that , 

' it la recognized by several companies that the moleonlnr frel|ht I 

|i ' ' I 

' cannot be calculated and in faot logic showa it cannot ba .. ' 

* a 

oalculatod, it is submitted that there Is no proper basis for tbs.j 
> assmptlon of Party Heias that the molsoular weight Is anywhara 
!' near the minimum crltlctl figure called for by the ootmta in tba 
I Interference , 

' "Where One Copies a Claim From an Isaued, Patent, 

It Should Clearly Appear That His Applloatioti 
Disclosed Ihe Invention Either Expressly or 
' Inherently" 

It was hold in tho case of Hansgirg vs. gemaer. 

I I4.O DSPQ; 102 F, 2d 212; 26 CCPA 937: 

"Where one copies claim from Inadvartently issued 
patent, it should clearly appear that hia applioa- 
; tion diaoXosed the invontlon either expreasly or 

inherently; he may disclose invention by drawings, 

1 by use of language, or by reciting and teaching 

I such sub.l^ct matter as will inherently do thing 

1 or possesit quality claimed for it; inherency may 

! not bo established by probabilities or posslbllltlaB; 

mere fact that certain thing may result from given 
i set of circumstances is not sufflolent, but, if 

l> dieolosure Is sufficient to show that natural roault 

' following rrom operation as taught would result in 

I performance of questioned function, disclosure ie 

! sufflolenl." 

1 

The above case reaffirmed similar holdings in 
Parttor vs, Ballantlne, 26 CCPA (Patents).; 101 F 2d 220; lj.0 
3&O; In ro Boll, ?B USPQ 27? r and MoKee vs. Woonan , 32 UilPft lii+S 
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li 2^. CCPki and 86 P.2d 986.' 

in the chse of In re Ball, It was held that no 

dliaantlons are dlsolossd and while the structure may suppress 
|l arolng, structures strictly In accordance with the disclosure 
ml^t bo produced which would not suppress arcing and therefore 
function of suppressing la not Inherent and applicant cannot 
copy elala calling for suppressing (28 TOPft 279). 

in Brand ys. Thomas . 37 TOPq 5o5, 25 CCPA (Patents) 

1053, 96 P. 2d 301, It waa held 

•Burden Is upon applicant to rivow that he 
has clearly disclosed olwaonta of counts 
before he will bo pomltted to extract from 
opponent* a Issued patent the Invention in 
Intorf eronco; lack of clear dlaolosuro la 
not supplied by speculation as to what one 
skilled In art ml^t do or ml^t not do ^ 
he followed teaching of Inventor; dlsolosOTO 
should be clearer than to suggest that one 
sklUeiJ In art might constraot device in 
psrtloular way; devices of partlos and in- 
dentions respectively 

features disclosed are so different that 
counts would be out of plsos Ih application, 
no one writing claims originally In applloa- 
tlon would think of adopting language of 
counts; last consideration cannot be sole 
tost becauae one takes out broad claims in 
patent will net bo allowed to na^ow them to 
avoid Interference; counts call for 
but applicant does not show or 
ment and allgtment Is not essential; j-” 

other patents similar devloss are shown In 
alignment and Patent office found allgljaent; 
declalon reversed by Court of Customs and 
patent Appeals." 

In the recent case of Spencer vs. ^24 USPQ 

175, (PB* 177^ CoTirt of customs and Patent Appeala reaffirmed 

the law In the above-cited cases. 

In the present Instance, It has been shown that 
the molecular weight of at least 600, a critical feature of the 
11 claims of the Invention, Is not disclosed In the application of , 
i the party Helas. -mereforo. It is submitted that. the Interference^ 




» should be dissolved for the reason that Party Helss has no right 
to make the counts. 
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AS TO OROHin) "b* 

A Btudy of the application of Party Htlaa ahaw*.-.. 


ttiat the plaatlelzer auoh aa the ohlorlnatad diphtnyl ia; an 

eaaentlal Ingredient of hla product. On pagea 20 and 21 ff. hla 

application. Party Helaa states, < 

"Tha plaatlolzod produota of the toatadt • j 

Invention cannot bo produced by flrat 

fon^ng the polymerized or oured org^la , ■ 

compound containing a urethane or thlo- 

urethane group and then Incorporating the 

oured product with the plaatlclaor. In ^ 

order to obtain products having aald . -i. 

properties, the organic compound oontauiiag ^ 

the urethane or thloure thane group must ba 

intimately associated with the plasticizer 

and then polymerized or cured to a hl^er 

molecular state." ^ > 

It Is seen therefore that a aolld polyi^tihame ;|. 
product as called for by the claims of Party Price, Intacta* j 
I in the ll^t of the apeolflcatlon, was neVer oontenplatad by ^ 

Party Halss. The plasticizer Is an oEsentlal Ingredient of ^ 

Party Hetss* composition and process and therefore muat be In-^^ ^ 

eluded within any claims patentable to the Party Helss as It 
has long been settled that one cannot omit an essential Ingrodlbftt 

of his Invention from his claims. 

TJhder the rule of Den Baste vs. Martin, 116 
584, a party may for the pxirpose of Intorforenoe be able to make , 

I a count oven though after the Interference the count would not 
be patentable to him. However, that opportu nity only resides ^en 
! the party copying the count has an example or speci es elearly 
I felling within the count . 

I I In the pro sent Instance, there la no example nor 

I disclosure In the application of Party Helss which has a molecular 
!• wel^t of at least 600. Inasmuch as each of the counts In the { 

Ij Interference specifies a molecular weight of 600 for the con- | 

! donsatlon product of an alcohol having at least three hydroxyl | 
li groups with propylene oxide and Inasmuch aa Party Holes has no 


t 
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iRidh dlaolosur* and no oxfunplo ogmlng within tha olBlna,\h 8 e^ot 
■alBtaln tha olalns eren for tha purpoae of date r a ln l n g prlojdtj. 

It lo aubad-ttad that tha IntaxVaranca ahould ba 
(iiaao^vad baeanaa all of tha oomta In Inferfaranod omit a^ 
sgaa^tlal Ingradlent of tha Invention of tha Party Halaa and iiJao 
aomo of /the oomta raada upon any axanpla or dl^oloaure. of 


Halaa. v 

j.. ■ 

5..y. ,• 

iv . V 


■- • I'lr 




- 


Raapaotfully aubaltt ad,'*^^ ^ . 

Moofe, OHEBE k TaaRonaimniai >i i 
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A copy of thla Motion to Dlaaolva g 
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talas.i' listed below: , C 

'VA-*' 

della M. Hpohwr*, “■ V 
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St. Werre »8 Thesis 
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Attorneys . . .. ' 
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Interference No. 90,4l4 
Herbert L. Helss 

V. 

Charles C. Price 


Decision on Motions 


MAILED 


'*'50 
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The party Price moves to dissolve this interference on 
the grounds (1) that the party Heiss has no right to make the 
claims fotening the counts of the interference and (2) that the 
claims forming the counts of the interference are not patentable 
to the party Heiss. 

Heiss opposes the motion to dissolve on the ground that 
his disclosure supports all of the limitations of the claims 
and is therefore entitled to make the counts for the purpose 
of contesting priority. 

In the alternative Heiss presents a contingent motion to 
substitute counts H(l) to H(4) for present counts 3 to 6 in 
the event the Examiner affirms the party Price's motion to 
dissolve . 


THE INVENTION 

This invention relates to polyurethane polymers and a 
method of preparing same. These polymers are produced by 
reacting an organic diisocyanate with a condensation product 
of an alkylene oxide having from 2 to 4 carbon atoms and a 


921a 

- Intf. No. 90,Vl4 -2- 


polyhydric alcohol having from 3 ^ primary hydroxy groups > 

for example, the condensate of propylene oxide and pentaerythrltol. 

Counts 3 and 5, found below, are Illustrative of the subject 
matter in issues 


Count 3 

A process of forming a polyurethane reaction 
product comprising the steps of mixing in a liquid 
form (1) a hydroxy terminated polyether glycol 
polymer having a molecular weight of at least 600 
which is a condensation product of an alkylene 
oxide having from 2 to h carbon atoms and about ■ 
,01 to 10 mol percent based on the alkylene oxide 
of a polyhydric alcohol having less than 7 carbon 
atoms and having 3 to 6 primary hydroxyl groups,, 
at least 20 percent of said alkylene oxide having 
more than 2 carbon atoms, eurxd (2) at least about 
an equal molar amount of an organic diisocyanate 
based on said polyether glycol, and reacting the 
mlxtur4 until a second polymer having a chain 
length substantially greater than that of said 
polyether glycol polymer is formed. 


Count 5 

A product made according to process of 
coiint 3» 


PRICE'S MOTION TO DISSOLVE 


The party Price moves to dissolve this interference on 
the grounds (1) that Heiss has no right to make the claims 
forming the count of the interference and (2) the counts of 
the interference are not patentable to the party Heiss. 

In support of ground (1) Price points out the following* 
That all of the counts of the interference require that the 
condensate has a molecular weight of at least 600 and that this 
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is a critical limitation, that Heiss fails to disclose condensates 
having a molecular weight of at least 600, and that the Heiss 
calculations showing a condensate of I 3.2 moles of propylene 
oxide and 1 mole of glycerine as inherently having a molecular 
weight of at least 600 , viz. 857 , is an inaccurate assumption. 

In support of ground (2) Price points out that a plasticizer 
such as chlorinated diphenyl is an essential ingredient of the 
Heiss product. It is iirged that claims omitting this 
element are not patentable to Heiss. 

\ 

HEISS* OPPOSITION TO THE 
PRICE MOTION TO DISSQLW. 

In opposition to the Price motion to dissolve Heiss 
contends that the molecular weight limitation of the condensate 
"at least 6 OO" is not in any way critical, that Heiss discloses 
a condensate having a molecular weight of at least 600, that 
the calculations of the propylene oxide-glycerine condensate 

K 

are not in error and that Heiss is entitled to the counts for 
the purpose of contesting priority. 

EXAMINER »S DECISION 

The Price motion to dissolve is denied. 

There is nothing in the file wrapper of the Price patent 
nor in the disclosure of the patent which establishes that the 
molecular weight of the condensate - "at least 600 " is, in 
fact, critical and that molecular weights below this limit 
will not yield the desired results. Likewise, there is no 
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evidence on record which clearly supports the contention that 

the condensates of Heiss do not inherently possess a molecular 
weight of at least 600. 

In the Price patent, column 2, lines 25 to 28 thereof, the 

statement •• as low as 600" does not establish criticality 

of the molecular weight. This statement is considered to be 
presented for purposes of illustration only. At best, this 
limitation is part of a desired range only. There is no clear 
indication in the specification of the patent or in the file 

wrapper history that molecular weights falling without this 
limit are inoperative . 

Since the mole ratios of alkylene oxide to polyhydric alcohol 
used by both Price and Heiss overlap it is reasonable to 
assume that Heiss inherently obtains a molecular weight of at 
least 600. It is Immaterial that Heiss fails to show the method 
of preparing the condensate since these condensates are 

old and well-known, — evidence the patents cited by Heiss 
and Price. 

To support his contention that Heiss does not necessarily 
obtain condensates having molecular weights of at least 600, 

Price refers to vario^ patents and a thesis by Dr. St. Pierre 
on the polymeri zafclon^ alkylene oxides to show that reaction 
conditions, etc. govern the molecular weight of the final 
condensate. It is not seen wherein these references are 
determinative of this issue since, as pointed out above, the 
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molecular weight is not only not critical but also Helss Is 
not limited to any specific method of preparing his condensate* 

Price, to further substantiate his position that Heiss 
does not obtain the required molecular weight, shows that when 
glycerine, containing 10^ water, is reacted with propylene 
oxide a molecular weight below 600 is obtained. This assumption 
by Price as to the presence of 10^ water is considered un- 
justified* It can reasonably be assumed that Helss was working 
with relatively pure reactants. Any skilled polymer chemist 
realizes the necessity of employing substantially pure materials 
in polymerization reactions. Actually, Helss states that his 
condensate is the reaction product of 13.2 moles of propylene 
oxide and one mole of glycerine; however, no water is mentioned. 

Price further contends that the counts of this interference 
are not patentable to Heiss. A reading of the Heiss specifica- 
tion clearly indicates that the plasticizer need not be present 
when the polyurethane adduct is actually formed. The use of 
a plasticizer is considered not critical. For example, at 
page 7j lines 1 to 7 Heiss states that the polyurethane adducts 
may be preformed and then added to the non-reactive organic 
liquid (plasticizer). At page 18, lines 17 to 22 it is 
stated that the polyurethane is desirably prepared in the 
presence of a non-reactive organic plasticizer. A desired 
use is considered not to be critical* Obviously the plasticizer 
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is not essential to the reaction of the condensation product 
and the isocyanate. Furthermore, as pointed out by Heiss, 
the counts of the interference and the claims of the, Price 
patent are open claims — they do not exclude the use of a 
plasticizer. It should be noted, also, that when Price 
reacts the diisocyanate with the condensate , said reaction 
is carried out in the presence of a high boiling non-reactlve 
organic solvent, which is not removed at the termination of 
the reaction. 

THE HEIS CONTINGENT MOTION 
_ TO SUBSTITUTE COUNTS 

In view of the fact that the Price motion to dissolve 
is denied, decision on the Heiss contingent motion is moot* 

The Price motion to dissolve on both grounds is denied. 

No appeal (Rule 2M+-d). 


ffiV'W 
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Interference Number 90,414. 
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COMMISSIONER OF PATENTS 
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V. ) 

) 

HERBERT L. HEISS ) 


Interference Ho. 90,414 


9 

SC 

•4 


T 




. A 


II 




'(■ 


PETITION FOR RECONSIDERRTION AMD 
MODIFICATION OF THE DECISlOH 

The Party Price hereby petitions for reconsideration and 

[[modification of the decision of the Primary Examiner of Division 

ll— ' 

fio, mailed August 15, 1960, in the above-identified Interforsnce. 
jj Party Price specifically requests the Examiner to clarify 

j'hls opinion and modify , it by pointing out the portion of the 
Heiss application which he considers discloses a condensation 
^jproduct of a polyhydric alcohol having three or more crlmmry. 
|jhydroxyl groups with an alkylene oxide (at least in part) having 
arore than two carbon atoms as specified in Counts 2, 3 and 5 of 
this Interference . 

Party Price has been unable to find the basis for any auoh 
glycol polymer in the Heiss application and Party Heiss has been 
unable even at the specific request of Party Price to point out 
the basis for such disclosure, yet the Examiner has held that it | 

'I ' 

• la disclosed. It is submitted that the Examiner should point out j 
jithe portion, page and lines of the Heiss application upon Which ha 
•'based hla decision. If the Examiner cannot find any basis, and 
||lt is submitted he cannot, than it is requested that his opinion 
|be modified by dissolving the interference, certainly as to these , 

il counts. 

J 


f 
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Certainly a condensation product of 13.2 mole of propylene , 

} 

|l oxide and 1 mol of glycerine is no basis for Counts 2, 3 and 5, 
regardless of nolecular weight consideration for glvcarine has ' 
only two prlaarv hydroxyl groups . Certainly the generic dls- 


j closure of a condensation product or condensate of pentaerythrltol ; 
with an aikylene oxide la no basis for the above, for what Is the 

jialkylene o::lde and what is the mol percent of pentaerythrltol? 

l' ' 

11 Certainly the disclosure of triethanolamine plus alkylene oxide , 

li ' 

|;i8 no basis, for what is the ratio or what is the alkylene oxide? 
jj It Is sutnnltted that Party price Is entitled to know upon j 


jwhat the Examiner bases his opinion. Party Helss has been unable 

I 

to Infom Party Price of the basis for these counts. Regardless 


,of the molecular Weight, It is subaltted that the interference 

I! 

as to Counts 2, 3 and 5‘must be dissolved unless the EX2utlner or 
Party Helss can point out where in the Helss application there is 
basis for the glycol condensation product as defined in Counts 2, 

I 

3 and 5, oven omitting the critical 600 minimum molecular weight. i 

• I 

The Examiner in his Decision listed Counts 3 and 5 as i 

I 

illustrative of the subject matter in issue. For easy reference, j 

I 

these counts are listed below: , 

Count 3 . A process of forming a polyurethane reaction 
product comprising the steps of mixing in a liquid form 
(1) a hydroxy terminated polyether glycol polymer having ' 
a molecular weight of at least 600 which is a condensa- 
tion product of an alkylene oxide having from 2 to 4 car- 
bon atoms and about .01 to 10 rool percent based on the ' 

alkylene oxide of a polyhydrlc alcohol having less than 
7 carbon atoms and having 3 to 6 primary hydroxyl groups, 
at least 20 percent of said alkylene oxide having more 
than 2 carbon atoms, and (2) at least about an equal 
molar amount of an Organic diisocyanate based on said 
polyether glycol, and reacting the mixture until a 
second polymer having a chain length substantially 
greater than that of said polyether glycol polymer is 
formed. 

Count 5 . A product made according to process of Count 3 . 
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count 2 ts similar to Count 3 except that the polyhydrlc 

alcohol is specified as pentaerythrltol. 

It is seen from the above that each of these counts 
specifies that the polyether glycol having a molecular «lght of 
|600 i. a condensation product of .01 to 10 mol percent based on 
jthe alKylene oxide of a polyhydrlc alcohol having three to si. 
i orimarv hydroxyl groups, in count 2. pentaerythrltol has four 


llprlmary hydroxyls. 

■The .entire basis for any of the counts in Party Hals.' 

application is believed to have been considered the condensation 
i'iproduct of 13.2 mols of propylene oxide with glycerin. Since 
I glycerin has only two primary hydroxyl groups, it cannot be any 
|l basis for the aboT/e throe counts. 

i| It is unconscionable to permit the interference to proceed 

through the testimony period without the Ex^ainer pointing out 
to party Price upon ^at portion of the Party Helss' disclosure 
he bases his holding that there ts disclosed a condensation 
product of an alkylene oxide of more than two carbon atoms 
with .01 to 10 mol percent of any polyhydrlc alcohol having three 

' or more primary hydroxyl groups, party Price argued this in his 

ii 

!! briefs and at the final. hearing, 

I The Examiner *8 holding that "as low as 600 molecular 

jwe^ght" in the Price patent ts merely descriptive is believed to 
Jbe Clear error. When the patent t,oint. out that higher molecular 
Lights are preferable hut that those a. low as 600 may be used. 

'' it is submitted that "600" is a limit, not mere preference, and 
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Interf-erence No. 90,‘<'l4 ' 

Herbert L. Heiss 
V 

Charles C. Price 





Decision On Petition 
For Reconsideration 


T^u. 



The Petition for Reconsideration of August 22, I960 by 
the party Price is treated as a request for reconsideration 
of the Decision on Motions of August 15, I960, (Paper No, 30) 
in accordance with Section 1105.07 M.P.E.P. In said decision 
Price's motion to dissolve was denied. 

As a basis for reconsideration Price contends that Heiss' 
application has no basis for a condensation product of a 
polyhydrlc alcohol having three or more primary hydroxyl groups 
with an alkylene oxide having more than two carbon atoms, 

(at least in part), as specified in cotints 2, 3 and 5 of this 


interference . 

The petition of the party Price to modify the Decision 
on Motions by dissolving the interference is denied. 

The Heiss' specification clearly provides basis for counts 
2, 3 and 5. At page 3, lines ^ and 5 and lines 10 and 1]^ 

Heiss discloses "alkylene oxide condensates of glycerine, 
trlethanol amine" and "alkylene oxide condensates of pentaerythrltol" , 
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\ 

respectively. In various v/orking examples, Including examples 
10, 11 and 12 among others, propylene oxide-glycerine con- 
densates are disclosed. It is manifest, therefore, in 

view of the disclosure on page 3 and the working examples^ 
that pentaerythritol and triethanol amine may be used in lieu 
of glycerine in preparing the condensates with propylene 
oxide ji triethanol amine and pentaerythritol are polyhydric 
alcohols having 3 or more primary hydroxyl groups. 

The Examiner is still of the same opinion as to the 
"600 molecular Weight" limitation as set forth on page 4, 
lines >+ to 11 of his Decision On Motions. 

Reconsideration of the Examiner's Decision has been given 
but no change is made thereto. 

The Examiner has, taken cognizf<2.nce of U. S. Patent 
No. 2,94-8,691, Issued to Mjndemuth et al (filed on May 6, 

195’2) which shows condensates of ethylene oxide and triraethylol- 
propane cr- pentaerythritol reacted with an organic polyisocyanate . 

No appeal (Rule 24-4-d ) . 
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BTATENBHT OF THE CASE 


Introduction. 


B. Ttie Zn’^antion. 


c. Counts In issu*. 


n, Qenaral Reraarka Concerning counta, 


E. Motions. 


F. Oueatlona. 


IZ. STATElaniTS OF LAW AND FACT TO BE 
OZSCnSSBD 


ZZZ. TESTIMONY 


Tho Toatlntony In Gonaral. 


Making condanaatlon Froducta and 
M.W. Keaaurementa 


Objections By Opposing Counsel and Ana«nr. 

Facta Concerning Right to Make Counts 
Proved by Testimony 


A. Condensate (or Condensation Product) 
of 13.2 Holes of Propylene 0xj.de and 
1 Mole of Glycerine universally Means 
Product Formed from a Reaction Mixture 
of 13.2 Moles of P.O. (Propylene oxide) 
and One Mole of Glycerine 

3. 'rhe Molegular Weight of A Condensate 
(or Condensation Product) of 13.2 
Moles of prbpylene Oxide and One Mole 
of Glycerine May Be From About 350 to 
750 Depending on Catalyst. Amount of 
Catalyst, and Temperature of conden- 
sation. 
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C, CondBiuwtton Product of 13.2 Moles 

P.o. and 1 Mola of Qlyoerlne la Hot 
Definite Enough to Tell What Con- 
densation Produst lo Desired 23 

D. HydroKyl Number Cannot Be l#ned for 

M.W. DBterralnatlonB Hlthout Making 
unwarranted Assumptions 2 A 

B. 600 Molecular Height or More is 

Important for Flexibility or Soft- 
ness, Particularly of urethanes 
Made With the Universally and 
Aromatic Dllsocyanates 25 

p. Party Hslss Himself Adelttad on 
Cross-Examination That There Is 
Ho Disclosure In His Application, 
of the Condensation Product Speci- 
fied in Counts 2, 3 and 5 27 

IV. AROUMBaiT A 28 

Molecular Height of at least 600 
in All Counts Must Be Regarded As 
Material..... * 

The condensate (or Condensation Pro- 
duct)of 1 Mol of Qlycerlne and 13.2 
Mols of Propylene oxide Does Hot 
inherently Meet the condensation 
Product specified In Any of The Counts. 31 

HO indication In The Dslss Appli- 
cation That Any Mplacular Height Mould 
Bs preferred For The Condensation Pro- 
duct and No Disclosure Of Conditions, Etc. 
Hhereby A 600+ M.W. Mould Be Iriharent... 32 

V. ARGUMENT 24 

Price Reduced Invention to Practice 
in 24 

The Experiments of Dr. Herbat'Here 
Duplicated by Dr. Nicholas 23 


VI . Conclusion 
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Plaintiff's Supplementary Rnswor ; 

In addition, Dr. C. M. Greeno, 908 Prater Lane, Marion, 

Virginia. 

Defendant's Interrogatory No. 135 ; 

What is the identity sufficient for a motion to 
produce under Rule 34 P.R.C.P. of all documents relating to 
knowledge or use of the invention claimed in U.S. Letters 
Patent No. 3,102,875 in this country by others before the 
invention thereof by Heiss? 

Plaintiff's Answer ; 

Pursuant to the option offered by Jefferson in its 
set. of interrogatories, and in lieu of identification of 
documents in response to this interrogatory. General will allow 
Jefferson, by its attorneys, to inspect and make copies of the 
documents requested to be identified. 

Defendant's Interrogatory No. 136 ; 


Referring to paragraphs 8(a) and 8(b) of the Complaint 
what is the identity, sufficient fbr a motion to produce under 
34 P.R.C.P. , of the patents and printed publications in which 
the invention was patented or described? 

Plaintiff's Answer ; ' 

Pursuant to the option offered by Jefferson in its 
set of interrogatories, and in lieu of identification of 
documents in response to this interrogatory, General will 
allow Jeffersbn, by its attorneys, to inspect and make copies 
of the documents requested to be identified. 

Defendant's Interrogatory Ho. 137 ; 

Referring to paragraph 8(b) of the Complaint: 

(a) when, where, by whom and in what manner 
was the invention in public use or on sale* specifying the 
chemical composition of the polyurethane material produced, 
the method used to produce the polyurethane material, and the 
chemical name and amount of each ingredient used in making 
the polyurethane material? 

• (b) what was the trade name or other designa- 
tion of each method and/or product in public use and/or on 
sale? 

(c) what is the ncime and address of each person having 
knowledge of such public use or sale? 
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Plaintiff's Answer ; 

This information has not been ascertained but will 
be the subject of discovery. 

Defendant's Interrogatory No. 13S ; 

What is the identity, sufficient for a motion to 
produce under Rule 34 F.R.G.P., of any documents relating 
to the public use and/or sale referred to in the answer to 
Interrogatory No. 137? 

Plaintiff's Answer : 

Same as Interrogatory No. 137. 

Defendant's Interrogatory No. 139 ; 

Referring to paragraph 8(c) of the Compalint, what 
is the identity of the patents and applications, sufficient 
for a motion to produce under Rule 34 P.R.C.P.? 

Plaintiff's Answer; 

Pursuant to the option offered by Jefferson in its 
set of interrogatories, and in lieu of identification of 
documents in response to this interrogatory, General will 
allow Jefferson, by its attorneys, to inspect and mahe copies 
of the documents requested to be identified. 

Defendant's Interrogatory No. 140; 

Referring to paragraph 8(d) of the Complaint, what 
is the basis for the statement that Ileiss did not himself 
invent the subject matter? 

Plaintiff's Answer ; 

As presently advised, and subject to further discovery, 
the prior art patents and publications and prior invention of 
Dr. Charles C. Price and the documents that will be produced ' 
as set forth in answer to Interrogatories Nos. 134, 139 and 
147 . ' 

Defendant's Interrogatory No. 141 ; 

Referring to paragraph 8(d) of the Complaint, what 
is the identity, sufficient for a motion to produce under 
Rule 34 F.R.C.P., of any documents relating to the statement 
that Heiss did not himself invent the subject matter? 

Plaintiff's Answer ; 

Pursuant to the option offered by Jefferson in its 
set of interrogatories, and in lieu of identification of 
documents in response to this interrogatory. General will 
allow Jefferson, by its attorneys, to inspect and make copies 
■ of the documents requested to be identified. 
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allow Jefferson, by its attorneys, to inspect and make copies 
of the documents requested to be identified. 

Plaintiff's Supplementary Answer ; 

In addition to the patents previously identified and 
furnished to defendant, plaintiff relies on the following United 
States Patents: 

Patent No. Patentee Date Granted 

•i 

1,922,459 Schmidt et al. Aug. 15, 1933 

2,527,970 Sokol Oct. 31, 1950 

Plaintiff's Supplementary Answer No. 2 : 

In addition to art previously identified and furnished 
to defendant, plairitiff relies on the following; 

U. S. Patent No. 2,577,281 

Angewante Chemie, ps. 257-272 (1947) 

Monsanto Dap. Ex. 6 - translation of above article 

Defendant's Interrogatory No. 147 ; 

Identify the part or parts of the invention which 
do not constitute patentable invention in view of prior art, 
as alleged in paragraph 8(g) of the Complaint, including 
identity of the specific prior art relied on and the manner 
in which each piece of prior art serves to defeat invention 
in each instance. 

Plaintiff's Answer ; 

The process purported to be defined by claims 3“6, 

S, 10 and 11 of Heiss patent No. 3,102,875 and the product 
purported to be defined by claim 9 do not constitute patent- 
able invention. The prior art includes; 

(1) Prior invention by Dr. Charles C. Price of 
polyurethane products formed by reacting an organic 
diisocyanate wi!th condensation products having a molecular 
weight of at least 600 produced by reacting propylene oxide 
with polyhydric alcohols having 3 or 4 hydroxyl groups in a 
proportion providing an excess of -NCO groups over the 
reactive hydrogen groups of the condensation product. 

(2) U. S. Patent No. 2,284,896 - Discloses poly- 
urethane resins formed by reacting organic diisocyanates 
with polyhydric alcohols, including trihydric alcohols, e.g., 
glycerol and triethanolamine. 
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(3) U. S. Patent No. 2,511,544 - Discloses high 
molecular weight polyurethane products formed by reacting 
polyols containing at least 2 hydroxyl groups, including 
polypropylene glycols, with an organic diisocyanate in an 
amount providing an excess of -NCO groups over the reactive 
hydrogen groups of the polyol. 

(4) U. S. Patent No. 2,692,874 - Discloses poly- 
urethane products formed by reacting a polyalkylene ether 
glycol, including polypropylene ether , glycols, with an organic 
diisooyanate, e.g., toluene diisocyanate and water in proportions 
providing an excess of -NCO groups over reactive hydrogen 
groups . 

(5) U.S. Patent No. 2,726,219 - Discloses poly- 
urethane foams produced by reacting polypropylene ether 
polyols, e.g., polypropylene glycol, with organic diiso- 
oyanates, e.g., toluene diisocyanate, and water in a molar 
ratio of diisocyanate to the polypropylene ether polyol 
providing a ratio of NCO to active hydrogen groups in the 
ratio of between 1.5:1 and 4.5:1. 

(6) U. S. Patent No. 2,787,601 - Discloses poly- 
urethane products formed by reacting castor oil with organic 
diisocyanates, e.g., toluene diisocyanates, and water. The 
ratio of reactants provides a ratio of -OH groups to -NCO 
groups leaving 52.5-77.5% isocyanate groups unreacted. 

(7) U. S, Patent No. 2,855,421 - Discloses poly- 
urethanes formed by reacting polyhydric alcohols, including 
glycerol., trimethylol ethane, trimethylol propane, 1,2,4- 
trihydroxy butane, pentaerythritol and triethanolamine with 
diisocyanates, e.g., toluene diisocyanate, to form adducts 
containing free -NCO groups and which are converted to in- 
soluble high molecular weight polyurethane resin products 
by reaction of polyhydroxy compounds, water or other active 
hydrogen containing compounds. 

(8) U. S. Patent No. 2,948,691 - Discloses the 
production of polyether polyurethanes by reacting a polyether 
polymer produced by condensing alkylene oxides with aliphatic 
polyhydric alcohols, including alcohols having less than 7 
carbon atoms and containing 3 to 4 hydroxyl gmups, e.g., 
trimethylol propane and pentaerythritol, with an organic 
diisocyanate. An excess of organic diisocyanate is utilized 
to provide an excess of NCO groups over the reactive 
hydrogen group contained in the polyalkylene ether polyol. 

These materials are mixed and reacted to form a polyurethane 
product having a chain length substantially greater than the 
chain length of uhe polyether polymer condensation product. 
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(9) "Manufacture and Use of Some German Synthetic 
Adhesives and Kaw Materials", B.I.O.S. Final Report No. 456, 

Item No. 22, January 1946, pages 27032 - Discloses a product 
(Desmodur TH) produced by reacting toluene diisocynnate with 
a polyhydric alcohol (trimethylol propane) in proportions 
providing an excess of -NCO groups over reactive hydrogen 
groups to form an adduct containing free isocyanate end groups. 
This adduct is further reacted with active hydrogen materials 
to form high molecular weight polyurethane reaction products. 

(10) "German Plastics Practice", DeBell, 1946, 
pages 301-302 - Discloses the production of polyurethane 
products (Desmodur HH and Desmodur TH) formed by reacting 
organic diisocyanates (1, 6-hRXcimethylene diisocyanate and 
toluene diisocyanate) with trimethylol propane in amounts 
providing an excess of -NCO groups over reactive hydrogen 
groups to form a partially polymerized product. This product 
IS formed into an insoluble polyurethane polymer product by 
completing the condensation with such polyfunctional alcohols 
as glycerine and trimethylol propane. 

(11) "Chemical Engineering", Vol. 57,. No. 4, April 
i9.,0, pages 165-166 - Discloses polyurethane products formed 
by reacting castor oil, — a trihydroxy alcohol, — with 
toluene diisocyanate. 

plaintiff's Supplementary Answer ; 

Each of the said patents identified in- the Supplementary 
Answer to Interrogatory No. 146 discloses condensation products of 
M including ethylene oxide and propylene oxide, and 

polyhydric alcohols having 3 to 4 hydroxyl groups. These conden- 
sation products, including the propylene oxide condensates 
which are set forth in the claims of Heiss patent No. 3,102,875, 
are referred to in Windemuth patent No. 2,948,691 and are prior 
art polyglj r 1 ethers suitable for reaction with diisocyanates to 
produce pol irethane reaction products. 

Plainti ff's Supplementary Answer No. 2 ; 

U. S. Patent No. 2,577,281 discloses polyurethane 
groups, including three hydroxyl groups, with pblyisocyanates. 

! Angewante Chemie describes the reaction scheme of 

the Heiss claims. It describes reacting compounds containing 
three or more hydroxyl groups with polyisocyanates to produce 
polyurethane products. Compounds containing three or more 
hydroxyl groups include compounds such as condensate of propylene 
oxide with polyols containing three or four hydroxyl groups. 

I . Defendant's Interrogatory No. 148 ; 

Referring to paragraph 8(h) of the Complaint; 

(a) Identify the part or parts of U.S. Letters 
. Patent No, 3,102,875, by column and line, which are net 
described in full, clear, concise and exact terms as to 
enable any person skilled in the art to which it pertains, or 
; with which it is most nearly connected, • to make and use the 

invention thereof. 
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(c) Tho persons named in or connected with the prepara- 
tion and prosecution of the Heiss patent application; Oonr-ral's 
attorneys; Mobay personnel and representatives presently tinknown 
to General; and others haying knowledge of the cxistonco of 
the claims sot forth in U.. S. .Patent Nos. 2,940,091 and 3,102,875 
presently unknown to plaintiff. 

Defendant's Interrogatory No, 231 ; 

What is the name, address, present position and em- 
ployment .of each indiyidual who supplied any information 
included in the answers to the aboye interrogatories, and 
identify each answer and the information therein supplied 
by such indiyidual. 

P laintiff’s Answer ; 

Prank C. Rote, 1 General Street, Akron, Ohio supplied 
inforraatipn for the answers to Nos. 165, 185-187, 190-192 
and 213. 

Watson Leavenworth Kelton & Taggart, General's 
attorneys, 100 Park Avenue, New York, New York supplied 
information for answers to all other interrogatories. 


Defendant's Interrogatory No. 232; 
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Oefendant' s Interrog a tory No. 2.Tri . 

£ If plaintiff is no longer producing the urethane 

BO. 234 oo,-Sl!“ 

comtiuS? <=o»" 4 roial production of ouch £o«, aio- 

Plaintiff* s Ang^o'- . 

Defen dant's Interrogatory 236 ; 

plaintiff begin producing one-shot 
n^ible ^lyetherurethane foam using propylene oxide based 
trxols. when was this foam first proLLd on reo^ereSr ' 

tinue? commercial production con- 

P laintiff's Answer . 

1958 and end«d“°^i°!? commenced about September 

so™! of f this periorof ?Le 

the foams from the trial runs may have been sold 
commercial production continues to this day. 

Defendant's Interrogatory ?.'^ 7 . 

foam referrfd^if if producing the urethane 

baSis whv wl I>"terrogatory No. 236 on a commercial 
cof ^;ue 5 ? commercial production of such foam dis- 

Plaintiff's Answer . 

Not applicable. 

^fendant's In terrogatory No. 2 . 3 B . 

«u£9“x»„s™ 

Plaintiff's Answer . 

that if the purpose of this lawsuit, plaintiff states 

fo™ would ~".tituto . lltu„i t„friu?„Lo Of o[“L““. 4 . 

»;uud.^Co:pi°i“? “ <=“ P“~srr.ph 7 Of 


I 
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Defendant's Interrogatory No. 239 ; 

From 1964 to date has plaintiff manufactured in 
e^scess of 100 million pounds of the flexible polyether 
urethane foam in infringement of United States Letters 
Patent No. 3,102,8757 

Plaintiff's Answer; 


From 1964 to date plaintiff has manufactured in 
excess of 100 million pounds of the flexible polyether 
urethane foeun referred to in Interrogatory No. 238. 

h it ic if 

fedf endant ' s Interrogatory Ho . 247 ; 

On what date does Plaintiff contend that 
Defendant's misuse of Heiss U. S. Patent No. 3,102,875 
(hereinafter referred to as the "Heiss patent") commenced? 

Plaintiff's Answer ; 

January 26, 1966. 

Defendant's Interrogatory No. 248 ; 

Does Plaintiff contend that Defendant is presently 
misusing the Heiss Patent? 

Plaintiff's Answer ; 

Yes. 

Defendant's Interrogatory No. 249 ; 

What acts of Defendant constituted or are 
constituting the alleged misuse of the lleiss patent, identify- 
ing the nature, date and place of each act and all persons 
involved with respect to each act? 

Plair. ■•iff's Answer : 


Plaintiff is still investigating this defense and 
expects to exaSwine defendant thereon. In addition, the 
infringement action asserted by defendant against plaintiff. 
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Defendant's Interrogatory No. 307 ; 

If the Answer to Interrogatory No. 306 in 

the affirmative, what is the date, place and manner of 
each such discussion, including an identification of the 
discussion, including an identification of the discussion 
as written, oral, by phone or in person? 

Defendant's Interrogatory No. 308 ; 

If the Answer to Interrogatory No. 306 is 
in the affirmative, what is the identity of each person 
present or participating in the discussion? 

Defendant's Interrogatory No. 309 ; 

If the Answer to Interrogatory No. 306 is in 
the affirmative, whiat is the identity, sufficient for a 
request for production under Rule 34 F.R.C.P. of all 
documents relating or referring in any manner to such discussions 
and/or the matters discussed? 

Plainti'if 's Answers ; 

Several oral discussions were had between Frank Rote 
and Clelle Upchurch during which the Jef ferson-Mobay 
Agreement may have been mentioned. There are no documents 
relating to such discussions except oufside counsel's 
memoranda for which privilege is claimed. 


312. Referring to Plaintiff's Answer to Interro- 
gatory No. 147, of the eleven instances of prior art listed, 
which one does General Tire contend to be the best prior art 
against the Heiss patent and what is the basis for such 
contention? 

answer 

Plaintiff's counsel has not yet determined which is 
the "best" prior art. _ . 

Plaintiff's Supplementary Answer s 

Plaintiff's counsel believes that the "best" 
prior art is the Price work and the Windemuth '691 patent. 




